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Abstract 
 
Adequate exercise is a powerful stimulus for change in fitness and a preventive and 
therapeutic stimulus for lifestyle related diseases.  However, optimal dosage 
methodologies for exercise prescription remain unclear.  Objective:  To determine 
differences in achieved exercise intensity and the performance and metabolic disease 
related outcomes of six weeks of run training prescribed either via heart rate (HR) or 
rating of perceived exertion (RPE).    Design: Laboratory and field controlled trial. 
Participants were assigned into a heart rate training group (HRTG) and a RPE training 
group (RPETG) in a non-randomized, counter-balanced method controlling for baseline 
values. Methods: Forty males completed maximal graded exercise testing (GXT), 
anthropomorphic measurements, a 12 min run test, and a fasting blood draw before and 
after 6 weeks of run training.  Intensity was prescribed at 45, 60, 75, and 90%VO2 
reserve (VO2R) as a target HR or RPE.  Only HRTG viewed HR during the session. 
Results: Mean %HRR (66±7, 62±9 %HRR) and RPE were not statistically different 
between HRTG and RPETG.   However, the distribution of exercise intensity was more 
tightly concentrated in HRTG.  Similar improvements were noted for VO2max (4.0±2.4 
mL·kg-1·min-1), resting HR (-5±7 bpm), body mass (-0.7±2.7 kg), BMI (-0.2±0.9 kg·m-2), 
and BF% (-0.9±2.3%, all p < 0.022).  HRTG displayed a greater decrease in waist 
circumference (-3 ± 3 cm) than RPETG (0±4 cm, p = 0.015).   
  
Evan Carl Johnson, University of Connecticut, 2014 
 
Conclusions: HR- and RPE-based run intensity prescription both improve fitness, and 
anthropomorphic and cardiometabolic risk factors. A slightly higher intensity may be 
responsible for larger reductions in WC in HRTG.  The more precise achieved %HRR 
observed in HRTG may be advantageous to exercise prescription across populations.  
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History of exercise and risk 
  
The United States is at a tipping point for the use of exercise and physical 
activity.  Substantial bodily movement has transformed from required action for normal 
livelihood into an activity that can be considered unnecessary.  As physical activity 
necessity has decreased, the health related benefits that run parallel are being realized.  
We are at a tipping point because, as an industrialized country, exercise may not be 
necessary in the short term, but the long term benefits are undisputed.  It is now time to 
ensure that everyone has access to the best information on why, and more importantly 
how to achieve adequate physical activity to provide optimal fitness and the lowest risk 
of morbidity and mortality.     
The most staggering health statistic in the United States is the increasing rate of 
diagnosis of diseases related to weight gain from poor diet and lack of exercise.  The 
Center for Disease Control (CDC) has taken note of the large scale of weight gain and 
insufficient physical activity, and has devoted a full topic area of their Healthy People 
2020 campaign to each of these topics (1).  Previously, the goals for 2010 were to 
increase the percentage of healthy weight individuals from 42 to 60% and to increase 
the number of adults that participate in vigorous physical activity (at least 20 min·day-1, 
three or more session·wk-1 from 23 to 30%) to promote the development and 
maintenance of cardiorespiratory fitness.  By 2010 some success on these goals had 
been gained because 43% of adults were participating in either 150 min·wk-1 of 
moderate intensity or 75min·wk-1 of vigorous physical activity.  However, the incidence 
of healthy body weight had dropped sharply from 42% in the mid 1990’s to only 31% of 
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the American population between 2005 and 2008.  The simultaneous rise in the number 
of Americans exercising, and weight gain and increased incidence of risk for other 
disease, presents a problem which can be linked to the under- or improper prescription 
of exercise.     
 Exercise is a physiological stimulus that results in endogenous responses and 
adaptations over time (2).  Increased physical activity stimulus has been related to 
responses that lower risk of, early death, coronary heart disease, stroke, high blood 
pressure, type 2 diabetes (T2DM), breast and colon cancer, falls, and depression (3).   
The American College of Sports Medicine (ACSM) founded the “Exercise is Medicine” 
campaign on the realization of the preventive and therapeutic qualities of exercise 
stimulus.  ACSM also developed guidelines to ensure proper exercise prescription as 
well as creation of evidence based position stands for people of a healthy weight and 
those that are overweight or obese (4, 5).   
The recommendations are based on the FITT model, which stands for the 
Frequency, Intensity, Time, and Type (or mode) of exercise.  The guidelines advocate 
that healthy weight people engage in moderate-intensity cardiorespiratory exercise 
training for >30 min·d-1 on >5 d·wk-1 for a total of 150min·wk-1 or vigorous-intensity 
cardiorespiratory exercise training for >20 min·d-1 on >3d·wk-1 for a total of >75 min·wk-1 
in an effort to accrue between 500 and 1000 MET min·wk-1.  The recommendations are 
increased for people who are overweight that are attempting to lose weight.  The 
position stand encourages progression from 150 min·wk-1 to up to as high as 420 
min·wk-1 along with concurrent dietary changes.  Most importantly the position stand 
has found B level evidence, from a limited number of randomized control trials and 
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intervention studies, that there is a dose response with exercise effect, which means 
that the benefits will increase as a greater volume exercise is undertaken (4, 6-9).   
 The benefits of exercise are important.  As stated above, adequate physical 
activity is known to reduce risk for a number of chronic disease states.  These disease 
states commonly coincide with overweight.  By itself, being overweight as classified by 
body mass index (BMI) has been recently identified as one cause of ischemic heart 
disease (10).  Therefore, it is easy to see why increased and proper physical activity is 
necessary from a health standpoint.  Additionally, time demands and direct medical 
costs result from overweight and obesity.  Approximately 30% of a normal physical 
examination is dedicated to weight-related conditions and specifically 8% of time is 
dedicated to overweight and obesity by name (11).   A systematic review performed by 
Tsai, Williamson & Glick determined that in 2008, the per-person cost of overweight to 
be $266/year and obesity to be $1723/year.  This equates to a yearly expenditure of 
$113.9 billion/year or between 5-10% of total US healthcare spending (12).  Luckily, 
investigators are beginning to calculate that with a long term prospective, providing 
interventions which include physical activity counseling could be cost effective (13).        
 One particular area of interest surrounding exercise as a therapeutic agent is in 
regards to the metabolic syndrome.  Diagnosis of metabolic syndrome in men is 
confirmed by measurement three or more of the following risk factors; waist 
circumference (WC) greater than 102cm, a blood triglyceride (TRIG) concentration > 
150 mg·dL-1, a blood high density lipoprotein (HDL) concentration < 40 mg·dL-1, a blood 
pressure rated for systolic >130 mmHg and/or diastolic of >85mmHg (this is slightly 
above the “pre-hypertensive” cut off points of 120 mmHg and/or 80 mmHg(14)), and a 
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fasting plasma glucose concentration of ≥ 110 mg·dL-1 (15, 16).  Along with these, and 
despite no formal cut points for diagnosis, fasting plasma insulin (FPI) is commonly 
measured in addition because of the close relationship the above metabolic factors 
share with the initial stage of type II diabetes mellitus (T2DM), insulin resistance.  
Exercise is a likely treatment for metabolic syndrome, as one of the primary risk factors 
for development of the metabolic syndrome is lack of leisure time physical activity (17). 
The increased risk of death associated with diagnosis of the metabolic syndrome is very 
serious (18-20), especially considering the growing diagnoses within children and 
adolescents (21) .  However, proper physical activity appears to be a successful and 
well supported treatment and preventive strategy to maintain general well-being as well 
as reduce the risk of and potential reverse factors associated with the metabolic 
syndrome (3, 22, 23). 
 
Exercise prescription 
 
The motivations for proper exercise at the population level involve reduction of 
health risk factors as well as reduced governmental healthcare costs.  However, 
exercise is multifaceted and prescription is difficult.  As an example of the care needed 
for proper prescription of a therapeutic factor, the National Cholesterol Education 
Program Expert Panel on Detection, Evaluation, and Treatment of High Blood 
Cholesterol in Adults (Adult Treatment Panel III) developed a comprehensive manual for 
prescription of cholesterol lowering drugs that is 248 pages in length (16).  It is certain 
that, even within this relatively narrow clinical field, that this document does not 
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encompass all of the intricacies of proper cholesterol lowering therapy.  Depending 
upon the number of co-morbidities or other risk factors, the dosage of the particular 
therapy recommended is adjusted to achieve an optimal outcome.  If then, as the ACSM 
champions, exercise is medicine there need to be similar guidelines for proper dosage 
(5).  However, exercise is unlike a statin drug in that there are many more factors to 
control during prescription.  The ACSM has implemented the FITT model to help with 
control of the exercise training stimulus, or exercise dose (4).  By manipulating 
frequency (number of exercise sessions per week), intensity (percentage of maximal 
work capacity), time (duration per session), and type (mode of exercise [i.e., running, or 
resistance training]) the dose or volume can be adjusted.  Three of these factors, 
frequency, time, and type are explicit when used in the exercise prescription setting.  
Although percentage of maximal work capacity is concrete and widely accepted, 
measurement of this variable is challenging.  Outside of ergometer-based exercise 
following a maximal exercise test, it is very difficult to directly measure intensity.  For 
that reason, a number of different estimation techniques have been established.   
      Many of the estimation techniques for exercise intensity are based on the 
physical determination of work.  The unit for work is the Joule (J) which is equivalent to 
one watt·sec-1.  The watt is a measurement of energy conversion.  In this manner, if the 
rate (i.e., including time period) of energy conversion is known, then based on the 
theory of energy conservation, the amount of physical work being accomplished can be 
derived.  Direct measurement of energy conversion can be measured with the use of a 
whole body calorimeter that measures the amount of physical heat produced by the 
body (24).  Due to the expensive and sophisticated equipment required, the 
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development of surrogates for this measurement were desirable.  Based on the 
understanding that all energy-releasing reactions in the body ultimately hinge on the 
consumption of oxygen, a theory was derived to begin analysis of expired air to 
indirectly measure energy transformation (2).  Through experimentation it was 
determined that one liter of O2 is equivalent to approximately 4.82 kcal of energy 
transformation (25).  The conversion factor between kcal and kj is, 1 kilojoule = 0.239 
kcal.  Therefore, if O2 consumption can be measured it is possible to calculate work.  
This method works very well in the laboratory for estimation and monitoring of exercise 
intensity.  However, the metabolic carts used for breath-by-breath gas analysis or the 
Douglas bags necessary for expired air collection are cumbersome and not conducive 
to field testing or to individual use.  Therefore, a number of other physiological 
measures have been validated as alternatives for the primary methods of work 
determination or O2 consumption.  Four of the most commonly used methods for non-
laboratory exercise intensity monitoring are METs, blood lactate concentration, heart 
rate (HR), and rating of perceived exertion (RPE). 
The MET or metabolic equivalent is a unit of energy expenditure that is defined 
as a multiple of resting metabolic rate.  One MET is approximately equal to a VO2 of 3.6 
mL·kg-1·min-1 (i.e., normal resting oxygen consumption) (26).   The numerical value in 
front of the unit METs denotes how many times resting metabolism the exercise in 
question requires.  However, the MET was developed on the basis of normal values and 
may differ greatly between individuals due to large body mass, body composition, or 
fitness level (26, 27).  Generally it is displayed in tabular form with ranges of MET 
related either to anchor terms such as “light (2 - <3), moderate (3 - <6), heavy (6 - <8.8), 
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and near maximal (>8.8)” or as related to specific types of physical activity such as 
“food and drink preparation” or “outdoor maintenance” (28, 29).  Although ACSM 
continues to use METs as an option for monitoring weekly exercise intensity to calculate 
volume, it is not ideal for an overweight population because body size, body fatness, 
and fitness level will all contribute to resting energy expenditure as well as the 
percentage of maximal energy expenditure necessary for different levels of physical 
activity (26).  Guidelines specific to MET usage in the prescription of exercise suggest 
using the MET tables to pre-emptively choose exercise activities and then utilize target 
heart rates during the activity for confirmation of proper exercise intensity (30).  
The next method of evaluating exercise intensity is blood lactate concentration.  
This measurement is used as a surrogate for exercise intensity due to its relationship to 
aerobic and anaerobic metabolism.  As cardiorespiratory exercise (i.e., endurance 
exercise such as jogging or cycling) increases in intensity >50%VO2max, the production 
of lactate increases due to a shift by the metabolic enzyme lactate dehydrogenase in 
response to limited O2 availability combined with increased ADP, Pi and NADH (31).  
Under these conditions more lactate is produced than can be buffered and an 
exponential rise in blood lactate concentration is observed.  Blood lactate monitoring 
gained popularity because it gave sport scientists benchmarks (i.e., the onset of blood 
lactate accumulation [OBLA]) with which to compare exercise intensity (32).  A certain 
intensity could be rated below the threshold of lactate accumulation, relating it to mostly 
aerobic metabolism, or above the lactate threshold.  OBLA has a large amount of 
trainability that allows for progressive increases in training intensity as fitness improves 
(2, 33).  However, blood lactate monitoring may not be ideal for the clinical or non-
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clinical setting because it has shown a lack of reproducibility between measurement 
sites and techniques, can be influenced by exercise order when multiple modalities are 
used in the same training session, and there is a greater than two-fold variance in 
lactate threshold between individuals (34-36).  Also, OBLA is known to be most feasible 
for exercise prescription when the actual concentrations are measured and then 
compared either to running speed, HR, or RPE (37).  Finally, ACSM recommends 
exercise intensities both above and below OBLA (i.e., 45-80% VO2max) and these have 
been shown to be beneficial for maintaining and improving fitness (5).  Therefore, due to 
the invasive nature, lack of consistency, and narrow range of prescriptive ability, the use 
of blood lactate monitoring for exercise intensity prescription or monitoring does not lend 
itself to practical application. 
 
Heart rate monitoring 
 
Heart rate monitors (HRMs) seem to be the most easily accessible and accurate 
method of estimating exercise intensity outside of the laboratory setting (38).  The 
theory behind HRM for exercise prescription and monitoring is based on the physiology 
of the Fick principle, cardiac output, and the relation of these variables to exercise 
intensity.  The Fick principle states that the volume of oxygen consumed during a 
particular duration (VO2) is equal to cardiac output (Q) multiplied by the difference 
between arterial and venous O2 concentration (CaO2 – CvO2). In equation form, this is 
most commonly displayed as; VO2 = Q × CaO2 – CvO2 (39).  In order to display the 
contribution HR plays in this equation, Q can be broken down to its components HR × 
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stroke volume (SV).  Therefore, as demand for oxygen increases during aerobic 
exercise it is directly measured through an increase in VO2; in order to balance the 
equation there must also be increases in Q (HR × SV) and/or CaO2 – CvO2.  In 
validation studies, HR displays a strong positive relationship with VO2 (40-47).  
Logically, the strongest relationships between HR and VO2 appear to occur when all 
measurements are made relative to the individual’s resting values (i.e., heart rate 
reserve [%HRR] versus VO2 reserve [%VO2R] (48).   Accordingly, because VO2 is 
directly related to energy utilization (i.e., exercise intensity), the HR alone can be used 
as a viable surrogate.  The relationship between HR and measurement of physical 
workload through the use of whole body calorimetry confirms the accuracy of HR as an 
indirect measurement of exercise intensity (49).  Theoretically, based on the equations 
above, SV and CaO2 – CvO2 can also be used to estimate exercise intensity.  However, 
these measurements are invasive and the mathematical relationship does not maintain 
linearity at higher intensities which makes HR the most attractive of the strictly 
physiological measurements for exercise prescription and monitoring. 
Several limitations to HR have been identified which can confound its use.  For 
example, the relationship between HR and VO2 remains strong but can be shifted by 
exercise duration, exercise intensity, stress, hydration status, or sleep deprivation; also 
exogenous factors such as medications or environmental temperature affect heart rate 
(50, 51).  These concerns have been examined.  First, within individuals, day-to-day 
variation of HR has been observed to be as high as 4.1% during repeated submaximal 
exercise and 1.6% during maximal exercise (52).  The small fluctuations were confirmed 
with an observed correlation between VO2 and HR of r = 0.87 ± 0.03 (53).  
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Subsequently, a study by Becque et al. observed HR, ventilatory rate, VO2, and blood 
pressure during 20 repetitions of submaximal exercise.  Interestingly, HR was shown to 
have the smallest coefficient of variance (~1.6%) of all the measurements (54).  Next, 
the duration of exercise has been shown to affect HR.  As the exercise duration 
progresses cardiac drift may increase HR by up to 15% (51).  This increase has been 
attributed in part to loss of blood volume from lack of fluid replacement as well as to 
high body temperature (55-57). The confounders of this relationship can be minimized 
by ensuring adequate supply of water during exercise sessions as well as minimizing 
heat stress. 
Despite the limitations in HR monitoring, upon the conversion of HRM from large 
scale Holter-monitors to the personal watch style HRM, they were adopted by the 
athletic community as a method to objectively measure training impulse or volume (58). 
Particularly among the endurance sport communities, such as long distance running, 
HRM provided a method for coaches to prescribe running across a wider range of 
fitness levels without needing to be present to subjectively validate the intensity of an 
individual’s workout (32, 59).  The rationale behind their use is, “In many ways, training 
with a HRM is like having a full-time coach.  For the athlete, a heart rate monitor can 
take the guesswork out of training intensity and also serve as an excellent motivator” 
(59).  Heart rate monitoring quickly became a method to evaluate training impulse or the 
sum of the exercise prescription variables, frequency, duration and intensity (60, 61).  It 
is known that, in order to develop increased athletic ability progressive overload (i.e., 
incrementally increasing training impulse) is required (62).  However, an excessive 
training impulse can result in over-training syndrome where performance suffers (50, 
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63).  Often, the line between optimal physiological overload and overtraining can be 
narrow.  Therefore, coaches and athletes alike may find HRM the most consistent and 
non-invasive method to accomplish recording daily, weekly, or monthly training volume 
in the hopes of optimizing performance.  In terms of the non-athletic community, 
overtraining is less of a concern, given the fact that only 20% of U.S. adults currently 
meet the Physical Activity Guidelines (64).  HR monitoring has now come full circle. It 
was originally conceived in the medical realm for use in cardiac rehabilitation (58), then 
the athletic community adopted it as a way to manage progressive overload, and now 
the clinical populations is once again finding the use of HRM to be beneficial as the 
importance of adequate exercise becomes clear.  
 Although the use of HRM within the running community has improved the ability 
to measure training impulse or volume there are still several questions related to 
performance and health which have not yet been answered.  As mentioned above, 
there are limitations to HRM use (50).  For example, although there is little debate that 
HRMs function accurately during a variety of different exercise modalities and among 
different clinical populations and ages (40, 65, 66), the application of the HR data has 
yet to be optimized.  In the performance realm it is not known if a particular HR training 
prescription produces optimum athletic performance. Regarding health outcomes of 
training, it is unknown if there are benefits to training within different ranges of HR (i.e., 
HR zones) and it has not been determined if HR based training produces optimum 
health benefits (67).  Although exact specifics have yet to be outlined, the increased 
focus on exercise as a therapeutic agent, or “as medicine”, has increased the number of 
researchers using HR a valid method to standardize exercise prescription (6).  Given 
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adequate time the body of literature will grow and hopefully this question will be 
resolved.     
HR monitoring also can be beneficial to exercise adherence.  Just as clinicians at 
times encounter difficulty with patients following prescriptions of certain medications 
(68), exercise adherence is one of the main barriers to the known benefits of adequate 
exercise (69). Clinical exercise physiologists are beginning to suggest that patients 
purchase HRM devices to ensure that they achieve their target intensity (70).  Besides 
health outcomes, motivators such as aiming for physical fitness, and competition are 
rated highly by both men and women that are new to physical activity (71).  As stated 
above, use of HRMs is common within athletic communities.  It stands to reason then, 
that the same benefits that athletes gain from use of HRM can be extrapolated to a 
sedentary or less athletic population.  If performance can be enhanced, continuation 
with the prescribed exercise will be more likely.  Even outside the physiological benefits 
potentially attributable to HRM usage, the usage of HRMs alone is motivating to some 
populations.  In an observational study conducted by Ahtinen et al. 2008, 50% of 
respondents were classified as enthusiastic users of personal HRMs, in that they 
utilized the HRM technology at least once a week over the previous two years. 
Furthermore, amongst this group, ratings were favorable for statements such as; “Doing 
physical activities is more boring without the HRM than with it” and, “I do more physical 
activities with the HRM than when I did not have it” (72).  Therefore, outside of the 
benefit of being able to monitor exercise, HRM can be beneficial within the general 
population as it may increase enjoyment and the motivation to continue exercising.     
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Thus, exercise intensity can be validly, reliably, and repeatedly be estimated 
through the use of an individual’s HR.  This is best accomplished when individual 
relationships are determined between %VO2R and %HRR (48).  Some of the limitations 
to HR monitoring include the exogenous effects of environmental temperature, 
hydration status, other physiological stressors, and medication.  When these are 
controlled though, the correlation between the two variables has been observed to be 
as high as r = 0.99 with coefficients of variation between 1.6 – 4.1% when measured 
over multiple days (48, 52).    The importance of measuring exercise intensity within 
athlete and non-athlete populations is necessary to be able to quantify the volume of 
stimulus.  Only when the dosage is known can the impulse be adjusted so that the 
optimum response and eventual adaptations experienced.  Although the usage of HR 
appears to be satisfactory for exercise measurement, the limitations above combined 
with the financial cost of supplying HRMs has prompted researchers to explore 
alternative options with the goal of making intensity prescription and monitoring simple 
and widespread (50).  
 
Rating of perceived exertion 
 
 The rating of perceived exertion (RPE) scale is a subjective method of evaluating 
exercise intensity.  Specifically, the 15 point RPE scale potentially offers a low cost and 
logistically simple method to prescribe and allow individuals to regulate their exercise 
intensity.  It was introduced to the field of exercise physiology in 1970 with the seminal 
paper by Gunnar Borg, Ph.D., “Perceived Exertion as an Indicator of Somatic Stress” 
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(73). In this and other early papers, Borg and colleagues suggested that physiological 
signals all are related to an individual’s perception of effort.  These signals include 
peripheral mediators such as muscle contraction, joint tension, and skin temperature, 
combined with central mediators from the cardiovascular system, (i.e., heart rate) and 
the respiratory system (i.e., ventilation rate), and lastly joined with metabolic inputs such 
as carbohydrate availability or even blood lactate level (74-77). Proponents of the RPE 
scale suggest that psychological perceptions are integrated with previous experiences 
(78, 79) to make up what Borg referred to as the “gestalt” of perceived exertion.  The 
word gestalt (i.e., something that is made of many parts and yet is somehow more than 
or different from the combination of its parts) yields good insight into RPE.  Since the 
scale was developed, these cues have been individually studied and for the most part 
validated (80).   
Most important to the argument for RPE being included as an estimator of 
exercise intensity, RPE has been shown across gender and fitness level to be 
significantly related to the above validated physiological markers of work, blood lactate 
(r2 = 0.71) and heart rate (r2 = .055) (81).  In fact, the original 6-20 scale was based on 
the heart rate range of 60-200 in healthy young subjects, and although the relationship 
is not 1:1 the intention of matching the RPE response to exercise with HR was apparent 
at the scale’s inception (82).  The validity of RPE has stood the test of time, in that a 
recent validation with a diverse sample population of more than 2,500 participants 
confirmed correlation coefficients of 0.74 between RPE and HR, and 0.83 between RPE 
and blood lactate concentration (83).  However, just as with HR, many limitations exist 
for the use of RPE for exercise intensity prescription and regulation.    
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As exercise intensity increases, perceived exertion has been shown to increase 
in a similar and positively correlated manner.  This was part of the original validation 
studies performed by Borg using standard graded exercise testing (84).  However, a 
graded exercise test with progressive exercise intensities may introduce error.  For 
example, if a subject is presented with sequentially increasing intensity levels they may 
respond with sequentially increasing RPE responses not because they perceive more 
stress, but because they know that the intensity is higher than the previous stage 
Skinner et al. 1973 (85) tested this question by presenting a series of exercise 
intensities with four minute rest breaks in between on two occasions, in a 
counterbalanced manner.  In one trial the exercise intensities were experienced in a 
progressive manner, while in the other trial the exercise intensities were experienced in 
a random order.   He found no statistical difference between RPE responses for 
randomly presented workloads compared to those occurring in sequential order which 
means that estimation trials can take place during a graded exercise test.  This finding 
allowed future researchers to focus on other limitations of the scale. 
 Due to the subjectivity of the RPE scale, one of the main drawbacks to its 
implementation has been inter-individual variability (87).  The ACSM recommends a 
combination of “moderate” and “vigorous” exercise for healthy populations, which 
correspond to 46-63% and 63-90%VO2max, respectively.   Based on sample means, 
these ranges of intensity match with RPE of 12-13 for moderate, and 14-17 for vigorous 
exercise.  It has been confirmed that even when individuals are allowed to self-regulate 
exercise intensity with no cue, they achieve an exercise intensity sufficient to induce 
benefits in the majority of cases (86).  However, separate investigations have displayed 
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that subjective ratings vary greatly.  Whaley et al. 1997 (87) investigated the inter-
individual variation by having healthy and cardiac rehabilitation patient’s exercise at 60 
and 80% of VO2max.  Consistent with the ACSM recommendations most participants 
reported an RPE between 11-13 when at 60% VO2max and 14-17 at 80%VO2max.  
However, the range of responses at both of these intensities spanned the entire scale. 
Thus, based on the population, RPE is a good exercise prescription cue for the majority.  
However, it is important to find a prescription method that can achieve a greater 
success rate than the 51% of individuals that exercised at the correct intensity in this 
study.   
 This inter-individual variation resulted in researchers searching for ways in which 
to limit differences between people.  One method to reduce this variation is individual 
determination of RPE and exercise intensity (82, 88-90).  Through these methods each 
individual would have RPE measured during a preliminary graded exercise test (GXT) 
and then the relationship between RPE and a second intensity measure (i.e., VO2, HR, 
etc.) drawn from this test would be used to prescribe subsequent exercise sessions. 
The purpose of this step is to individually prescribe RPE to each participant accounting 
for differential psychological personalities and individual perception of effort.  Thus, 
regardless of the integer reported during the GXT it would be consistent within the 
individual.   
Lastly, standardization of instructions between investigator and RPE participant 
has been suggested (82, 90).  Psychologically, individuals have been found to report 
very low RPE regardless of actual intensity (reducers), while others tend to report 
incongruently high RPEs (augmenters) (91). The explanation of the instructions and the 
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text anchors of the RPE scale may help alleviate some of reducer/augmenter 
phenomenon.  It is recommended that all users should first be acquainted with the scale 
and have all of the anchors described giving references that are relevant to them.  By 
determining individual RPE relationships and taking the time to properly describe how 
participants should use the RPE scale the variations can be minimized.  
    
Rating of perceived exertion and exercise prescription 
 
The use of the RPE scale is different when it is used to prescribe exercise as 
opposed to self-regulation of intensity during an exercise bout.  Simply utilizing the RPE 
scale to classify perceptions of effort is much different from selecting exercise intensity 
with integers that are attached to subjective anchor points.  One theory behind exercise 
regulation with the RPE scale is a circular relationship between the perception of whole 
body stress, an appraisal of this stress level, and the individual’s response to their 
appraisal (92).  For example if an individual is instructed to exercise at an intensity 
corresponding to 13, after some minutes they will take notice of all the physiological and 
psychological inputs listed above.  If their appraisal returns a judgment that is different 
from the “somewhat hard” text anchor listed on the scale, the individual will either 
increase or decrease their exercise intensity to match their perception of stress.  This 
point highlights the importance of the instruction phase of RPE scale utilization in the 
effort to limit the effects of psychological augmenters and reducers described above.  
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Rating of perceived exertion compared to other markers of intensity 
 
The ability to regulate exercise solely through subjective regulation has been 
evaluated in an effort to validate its use for prescription.  Table 1 summarizes selected 
investigations that have evaluated interpretation of RPE as a stimulus for exercise.  
Smutok and colleagues 1980, originated the “estimation/production trial” methodology 
that is indispensable in this research (93).  Using this model, participants first participate 
in the “estimation” trial, which entails a graded exercise test incorporating exercise 
intensities from very low to near maximal.  At each intensity level the participant’s HR is 
measured, and they report their subjective perceived exertion.  These data are next 
used to develop a relationship between exercise intensity (in this case as measured 
through running speed), perceived exertion, and HR for each participant.  Next, each 
participant returns to the laboratory on two days separated by at least 24hr for their 
“production” trials.  During these visits, the participant is presented with the perceived 
exertion values in a randomized order and instructed to personally adjust the treadmill 
speed to elicit the presented intensity.  The findings from this study demonstrated a 
strong congruence between expected and achieved HR at the higher intensities.  
However, at the lower exercise intensities individuals displayed a mean percent 
difference as high as 34% different from the HR that was expected.  Since then, the 
utility of using RPE to prescribe exercise has been tested over different exercise 
durations (94, 95), at different exercise intensities (93, 94, 96-99), across different 
exercise modalities (96, 100, 101), within different clinical populations (99, 102-104), 
and in comparison to different prescription techniques (95, 104, 105). 
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The main common factor among the following presented studies is that, with the 
exception of Celine et al. 2011 (98), all other studies demonstrated that RPE either a) 
resulted in failure to reach the target intensity, or b) that prescription techniques utilizing 
HR biofeedback achieved higher exercise intensities when compared to RPE only 
prescription techniques.  Although the study by Celine and colleagues is important 
because it focuses on a unique modality similar to exercise class based high intensity 
cycling, the duration of the exercise intervals (4 and 1 minutes) may have confounded 
the use of HR for exercise intensity regulation, due to the amount of time required for 
steady state heart rate to be attained (2).  Of particular note is that the differences are 
small and sometimes non-significant between either, the estimation trial and the 
production trial, or between the exercise intensities between HR- and RPE-based 
prescription techniques; thus leading to potentially flawed interpretation that the 
techniques are equivalent.  For example, Dunbar et al. 1992 (96), the results showed 
that the participants failed to reach their target intensity at the higher intensity by an 
average of 26 beats·min-1 and 0.73 L·min-1.  Assuming a heart rate reserve range of 150 
beats·min-1 and VO2R of 4 l·min-1, this difference corresponds to 17-18% 
underestimation of exercise intensity.  However, because none of the other trials 
displayed significant differences, the authors concluded that “using a target RPE 
previously estimated during a graded exercise test was found to be physiologically 
valid”.  Therefore, it is important to critically evaluate the findings to ensure how the 
interpretation of the data might be related to exercise prescription and active exercise 
training.  The following text discusses how not reaching the target intensity, if occurring 
chronically, could lead to differences in health outcomes.   
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Finally, the comparisons made by many of the authors can be challenged due to 
the duration and settings of the investigations.  With the exception of Ilarraza et al.2004 
(104), Celine et al.2011 (98) and Dunbar et al. 2004 (103) all of the other investigations 
occurred in a controlled laboratory setting and over a maximum of six production trials.  
As discussed above, the purpose of “exercise as medicine” is that the stimulus is known 
to prevent and reverse certain diseased states as well as improve positive psychological 
states.  The statistically significant correlations between RPE and physiological 
measures of exercise intensity and the non-significant t-test results comparing RPE 
regulated exercise to estimation trials may not necessarily describe the true importance 
of exercise prescription.  Physical activity is a vital sign that should be evaluated by 
physicians and should be prescribed by physicians or exercise professionals with the 
goal of individuals exercising independently throughout the rest of life (106-108).  
Therefore, when investigating the validity of an exercise prescription technique, it is not 
only important to measure the achieved exercise intensity, but also the achieved 
benefit.      
 
 
 
 
 
 
 
Table 1. Summary of estimation and pr
 Author Participant Sample 
1980 Smutok, M. A. (93) 
10 active 
men 
Participants estimated RPE and had HR 
measured at five running speeds.  On two 
separate days 
based on RPE only
1984 Chow, R. J. (105) 
29 active 
men 
Treadmill GXT followed by four training sessions 
with the goal of being within 60
Intensity cues given based on target heart rate 
(THR) range via palpation, RPE or no cue.
1992 Glass, S.C.(100) 
15 active 
men 
Participants 
2 days later, participants were asked to replicate 
intensity based on RPE at 75% HRR
1992 Dunbar, C.C. (109) 
17 males 
having a 
range of 
fitness 
levels 
Participants underwent GXT on treadmill and 
cycle ergometer.  HR and RPE were extrapolated 
for 50 and 70%VO
produce exercise intensity using RPE only while 
cycling and running.
1994 Dunbar, C. C. (110) 
9 untrained 
men and 
women 
Participants underwent GXT on treadmill and 
cycle ergometer.  HR and RPE was extrapolated 
for 60%VO
produce exercise intensity using RPE only while 
cycling and running
2001 Strzelczyk, T. A. (102) 
52 men and 
women with 
left 
ventricular 
systolic 
dysfunction 
Patients performed symptom
and evaluated HR and RPE at VO
ventilator threshold (VT).  
 
 
oduction research investigations 
Protocol Main Finding
participants replicated speeds 
 
HR reliability (i.e., difference between 
expected and observed) was significant 
at high intensity but not at two lowest 
intensities under 150 beats
-70%VO2max.  
 
THR method had slightly better 
accuracy (55%) compared to RPE 
(48%).  However, THR group mean 
training HR was 3 beats
than target while RPE group mean 
training HR was 5 beats
target. 
estimated RPE during running GXT. 
 
Mean HR and %VO
during GXT than during production trial
2max .  Participants attempted to 
 
Achieved HR and VO
intramodally for treadmill running at the 
higher intensity -26 beats
l·min-1.  HR was not significantly lower at 
the 50% VO2max target despite a mean 
of 10 beats·min-1  underproduction.
2max .  Then participants attempted to 
 
Treadmill intensity did not differ from 
target.  Cycling VO2
output was lower within and across 
prescription modality.
-limited exercise test 
2peak and 
 
RPE was not related to VT and only 
50% of patients reported RPE 11
which is the range the literature 
supports for estimation of VT.  46% of 
participants reported RPE >13 at VT 
which means an exercise prescription of 
11-13 would have been too low.
 
·min-1 . 
·min-1  higher 
·min-1  below 
2max was higher 
 
2 was lower 
·min-1  and -.73 
 
, HR, and power 
 
-13 
 
2003 Kang, J. (111) 
48 male and 
females 
Participants underwent a GXT to d
and RPE at 50 and 70%VO
follow-up sub
attempted to produce the exercise intensity using 
RPE cue only
2003 Colberg, S.R. (95) 
23 men and 
women with 
type 2 
diabetes 
Participants performed a treadmill GXT; HR and 
RPE were measured at each stage.  
VO2R were calculated based on resting values
2004 Dunbar, C. C. (112) 
Six 
postmenopa
usal women 
Participants underwent GXT and had 
walking/jogging intensity between 40
prescribed over 20 weeks.
2004 Ilarraza, H. (104) 
78 men and 
women in 
cardiac 
rehab. 
Participants 
and RPE at 60 and 80%HRR.  One month of 
training ensued with intensity prescribed by HR 
or RPE. 
2008 Kang, J. (94) 
20 males 
and females 
Participants underwent a GXT on a cycle 
ergometer then 4 follow up trials of 20 and 40 
min duration using RPE corresponding to 50 and 
70%VO2max
2011 Celine, C. G. F. (98) 
27 active 
women 
Participants estimated RPE during cycling GXT.  
Either HR or RPE were used to prescribe a 6
week interval training (4:1 minute 
moderate/vigorous exercise intensity ratio) 
exercise prescription.
2013 Aamot, I. L. (99) 
10 men and 
women in 
cardiac 
rehab. 
Participants engaged in high intensity training 
using RPE of 17 for 4 sessions, and then for HR 
corresponding to 85
 
 
etermine HR 
2max .   During two 
-maximal exercise sessions they 
 
HR was significantly higher during the 
production trial after 20 min of treadmill 
exercise.  VO2 and HR at all other time 
points were not statistically different
HRR and 
 
Correlation between %HRR and %VO
was r = 0.98 which was similar to line of 
identity. Correlation between RPE and 
%VO2R was 0.94. The relationship was 
significantly different from line of 
identity. 
-60% VO2max 
 
At the 50% prescription intensity, mean 
exercise intensity w
week 20 when prescribed intensity had 
increased to 60%, there was no 
difference between actual and 
prescribed intensity.
underwent GXT to determine HR 
Maximal workload significantly improved 
in HR group but not in RPE group.  
. 
HR and power output was lower in all 
trials.  VO2 was not significantly different 
despite being >1 ml/kg lower in all trials.
-
 
Similar improvements in post
VO2peak and mean tolerated power were 
observed for both groups
-95%HRpeak 
Mean exercise intensity was statistically 
higher when using HR guidance (85 
%HRpeak) for high intensity training 
versus RPE = 17 (82 %HR
 
2R 
as below target.  By 
 
 
 
-training 
 
peak) 
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The above presented summary has displayed that RPE and HR can be used to 
prescribe and monitor exercise.  However, the comparative literature between these two 
techniques suggests that prescription of exercise using RPE only could result in a 
failure to reach the target intensity, particularly when a relatively low intensity is desired 
(131).  This is despite both prescription modality stimuli being theoretically analogous if 
they are based on individual VO2 versus HR/RPE curves.  The potential outcome to a 
reduced exercise intensity is a reduction in the beneficial outcomes commonly 
associated with regular physical exercise (124).  The question then becomes; If the 
exercise frequency, time, and type are similar does a slight attenuation of exercise 
intensity make a difference in outcomes?   
 
Exercise intensity 
 
It is known that sedentary behavior, or lack of physical activity, is a risk factor for 
all-cause mortality and that exercise, regardless of intensity, is generally better for 
health than no exercise (10, 113).  However, substantial evidence suggests that there is 
a health benefit to lifelong participation in vigorous intensity exercise.  The Harvard 
Alumni Health Study, published in 1995 relating exercise intensity to longevity in men 
(114), is the premiere example of the long term benefits to vigorous exercise.  In this 
large scale (n=17,321) investigation, total energy expenditure was inversely related to 
all-cause mortality, and energy expenditure from vigorous (but not non-vigorous) 
activities was related to mortality.  These findings are not isolated to men.  The 
Women’s Health Initiative Observational Study found similar results of vigorous activity 
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in 73,743 post-menopausal women (115).  Both walking and vigorous exercise were 
associated with substantial reductions in cardiovascular events.  Moreover, the lowest 
risk of death score of 0.37 was associated with those women who completed at least 10 
MET hr·wk·-1 of walking and took part in >100 min·wk-1 of vigorous exercise.  These two 
studies strongly reinforce the point that in the long term any exercise will reduce risk of 
death, but an added health benefit is gained by participating in high intensity exercise. 
Increased vigorous exercise is associated with attenuation of the normal risk 
factors associated with cardiovascular disease and the metabolic syndrome, specifically 
weight gain, which commonly occurs as Americans age (116). Coakley et al. 1998 
present a classic example of the effect of vigorous exercise on weight gain (117).  
19,478 men who were free of cancer, CHD, stroke, and diabetes were observed over a 
four year period.  The normal weight gain among these men was 1.4kg which, as stated 
above, increases risk of death regardless of other risk factors (10).  However, increased 
physical activity was the only factor that statistically predicted weight loss or weight 
maintenance.  Multiple other studies have been able to validate the benefits of vigorous 
activity on body fatness, waist circumference (118-120), and overall cardiorespiratory 
fitness (121).   
In the short term there also appears to be a more acute benefit to higher intensity 
exercise in both clinical and recreational populations.  Higher intensity training has been 
shown to be beneficial in cardiac rehabilitation environments, improving exercise 
capacity 200% more than standard medium intensity training (122).  However, at times 
a higher intensity exercise session may be more calorically demanding which can 
confound the benefits of exercise intensity versus total volume.  Excitingly, the benefits 
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of vigorous exercise remain consistent even when total energy expenditure is held 
constant between groups (i.e., greater total exercise time for lower intensity exercise).  
DiPietro et al.  1985 (123) found a greater improvement in insulin sensitivity and insulin-
stimulated suppression of adipose tissue lipolysis a group that performed a 300 kcal 
exercise session at 80% VO2peak when compared to a group that completed 300 kcal 
worth of exercise at a lower, 65% VO2peak intensity.  These findings may explain why 
Farah et al. found greater reductions in waist circumference within the group that 
exercised at 15 beats·min-1 higher intensity (124) compared to a lower intensity training 
group.  Therefore, intensity can be seen as a primary consideration during exercise 
prescription as it appears to modulate risk factors associated with cardiovascular 
disease and the metabolic syndrome after accounting for caloric expenditure.    
  It is apparent that exercise intensity plays an important role in prevention of 
disease, prevention of risk factor development (i.e., weight gain), and in the reversal or 
rehabilitation of diseased states such as type 2 diabetes, cardiovascular disease, 
hypertension, or metabolic syndrome (113, 125-127).  As research in this area 
progresses the evidence that exercise is equal to the pharmacological treatment of 
disease is starting to become more frequent (128).  However, Naci et al. while 
constructing their epidemiological meta-analysis comparing these treatments made the 
following statement, 
“Abundant evidence from randomized controlled trials shows the mortality 
benefits of certain drugs such as simvastatin in the secondary prevention 
of cardiovascular disease, which is the most widely prescribed drug in the 
United Kingdom.  Research on the mortality benefits of exercise, however, 
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remains primarily observational with a limited number of randomized trials 
in select treatment areas.  More importantly, evidence on how physical 
activity interventions fare compared with drug interventions in reducing the 
risk of all-cause mortality is lacking.”   
In order to make these comparisons it is imperative that both the dosage of exercise 
and the dosage of the medication are stated.  However, a recent review from the 
Cochrane Collaboration which consolidates randomized control trials in order to make 
evidenced-based medical statements found only three trials that validated exercise 
intensity (129).  Further they state, “It is important to note that the fundamental metrics 
of exercise behavior (i.e., frequency, intensity and duration), although easy to devise 
and report, are seldom included in published trials”.  Despite the indications of exercise 
intensity’s role in outcome measurements, it is rarely measured.  In a randomized 
control trial setting this is analogous to stating that the intervention consisted of 
“exercise”.  In order to more fully elucidate the beneficial effects of exercise, and 
specifically a greater duration of exercise at more vigorous intensities, these 
descriptions must be included. 
 The above information summarized why exercise is important, how it can be 
prescribed and the effects of different exercise intensities on health and fitness. There is 
overwhelming evidence that exercise can be prescribed as a therapeutic agent (14, 16, 
23, 128, 130).  For that reason it has been identified by the Center for Disease Control’s 
Department of Health and Human Services as necessary to aid in the reduction of 
morbidity, mortality, and cost associated with overweight and obesity (1).  The American 
College of Sports Medicine has gathered as much relevant information as possible in 
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their Guidelines for Exercise Testing and Prescription to enable exercise prescriptions 
that quantify the exercise stimulus based on frequency, intensity, time, and type.  
Intensity can be confusing because it can be quantified using several different methods.  
Therefore, ACSM and others have shown the relationships between multiple techniques 
to estimate exercise intensity to aid in appropriate intensity being achieved.  Of these, 
HR appears to offer the closest approximation of actual exercise intensity, however, the 
low cost and ease of application with the subjective RPE scale make it a noteworthy 
alternative (82, 131).  Within the literature RPE monitored exercise has consistently 
been observed to fall below target intensities (Table 1).  Longitudinal studies observing 
exercise intensity over lifetimes have identified more vigorous activity to be a predictor 
of healthy weight maintenance as well as being related to lower risk factors of 
cardiovascular disease (114, 115).   The benefits to exercise are clear and some 
physicians are considering exercise to indeed be medicine (107).  Therefore, just as the 
optimal dosages and outcomes of any pharmaceutical agent are highly investigated, the 
same must be done for exercise (129).  Exercise is not a magic bullet for elimination of 
all risk, however it is imperative that the prescription be appropriate if the medical 
community is going to advise its use. 
 
30 
 
References 
1. U.S. Department of Health and Human Services, Office of Disease Prevention and 
Health Promotion. Healthy People 2020 [Internet]. 8/28/2013 cited October, 8 2012] 
2. McArdle, WD, Katch, FI, Katch, VL. Exercise Physiology. 4th ed. Baltimore, MD: 
Williams & Wilkins; 1996. 
3. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM, Nieman 
DC, Swain DP, American College of Sports Medicine. American college of sports 
medicine position stand. quantity and quality of exercise for developing and maintaining 
cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy adults: 
Guidance for prescribing exercise. Med Sci Sports Exerc. 2011 Jul;43(7):1334-59. 
4. Donnelly JE, Blair SN, Jakicic JM, Manore MM, Rankin JW, Smith BK, American 
College of Sports Medicine. American college of sports medicine position stand. 
appropriate physical activity intervention strategies for weight loss and prevention of 
weight regain for adults. Med Sci Sports Exerc. 2009 Feb;41(2):459-71. 
5. Thompson WR, Gordon NF, Pescatello LS, editors. ACSM's guidelines for exercise 
testing and prescription. 8th ed. Philadelphia: Lippincott Williams & Wilkins; 2010 ( . 
6. Miller FL, O'Connor DP, Herring MP, Sailors MH, Jackson AS, Dishman RK, Bray 
MS. Exercise dose, exercise adherence, and associated health outcomes in the TIGER 
study. Med Sci Sports Exerc. 2013 Jun 20 
7. Davis CL, Pollock NK, Waller JL, Allison JD, Dennis BA, Bassali R, Melendez A, 
Boyle CA, Gower BA. Exercise dose and diabetes risk in overweight and obese 
children: A randomized controlled trial. JAMA. 2012 Sep 19;308(11):1103-12. 
8. Earnest CP, Johannsen NM, Swift DL, Lavie CJ, Blair SN, Church TS. Dose effect of 
cardiorespiratory exercise on metabolic syndrome in postmenopausal women. Am J 
Cardiol. 2013 Jun 15;111(12):1805-11. 
9. Malin SK, Solomon TP, Blaszczak A, Finnegan S, Filion J, Kirwan JP. Pancreatic 
beta-cell function increases in a linear dose-response manner following exercise 
training in adults with prediabetes. Am J Physiol Endocrinol Metab. 2013 
Nov;305(10):E1248-54. 
10. Nordestgaard BG, Palmer TM, Benn M, Zacho J, Tybjaerg-Hansen A, Davey Smith 
G, Timpson NJ. The effect of elevated body mass index on ischemic heart disease risk: 
Causal estimates from a mendelian randomisation approach. PLoS Med. 
2012;9(5):e1001212. 
11. Tsai AG, Abbo ED, Ogden LG. The time burden of overweight and obesity in 
primary care. BMC Health Serv Res. 2011 Aug 17;11:191,6963-11-191. 
31 
 
12. Tsai AG, Williamson DF, Glick HA. Direct medical cost of overweight and obesity in 
the USA: A quantitative systematic review. Obes Rev. 2011 Jan;12(1):50-61. 
13. Tsai AG, Wadden TA, Volger S, Sarwer DB, Vetter M, Kumanyika S, Berkowitz RI, 
Diewald LK, Perez J, Lavenberg J, Panigrahi ER, Glick HA. Cost-effectiveness of a 
primary care intervention to treat obesity. Int J Obes (Lond). 2013 Aug;37 Suppl 1:S31-
7. 
14. U.S. Department of Health and Human Services, National Institutes of Health. The 
seventh report of the joint national committee on prevention, detection, evaluation, and 
treatment of high blood pressure. . 2004 Aug 
15. U.S. Department of Health & Human Services. How Is Metabolic Syndrome 
Diagnosed? [Internet].  
16. National Cholesterol Education Program (NCEP) Expert Panel on Detection, 
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel 
III). Third report of the national cholesterol education program (NCEP) expert panel on 
detection, evaluation, and treatment of high blood cholesterol in adults (adult treatment 
panel III) final report. Circulation. 2002 Dec 17;106(25):3143-421. 
17. He D, Xi B, Xue J, Huai P, Zhang M, Li J. Association between leisure time physical 
activity and metabolic syndrome: A meta-analysis of prospective cohort studies. 
Endocrine. 2013 Nov 28 
18. Hu G, Qiao Q, Tuomilehto J, Balkau B, Borch-Johnsen K, Pyorala K, DECODE 
Study Group. Prevalence of the metabolic syndrome and its relation to all-cause and 
cardiovascular mortality in nondiabetic european men and women. Arch Intern Med. 
2004 May 24;164(10):1066-76. 
19. Matthews CE, Sui X, LaMonte MJ, Adams SA, Hebert JR, Blair SN. Metabolic 
syndrome and risk of death from cancers of the digestive system. Metabolism. 2010 
Aug;59(8):1231-9. 
20. Tamariz L, Hassan B, Palacio A, Arcement L, Horswell R, Hebert K. Metabolic 
syndrome increases mortality in heart failure. Clin Cardiol. 2009 Jun;32(6):327-31. 
21. Cali AM, Caprio S. Prediabetes and type 2 diabetes in youth: An emerging epidemic 
disease? Curr Opin Endocrinol Diabetes Obes. 2008 Apr;15(2):123-7. 
22. U.S. Department of Health & Human Services. 2008 Physical Activity Guidelines for 
Americans. ; 2008. 
23. Donnelly JE, Blair SN, Jakicic JM, Manore MM, Rankin JW, Smith BK, American 
College of Sports Medicine. American college of sports medicine position stand. 
32 
 
appropriate physical activity intervention strategies for weight loss and prevention of 
weight regain for adults. Med Sci Sports Exerc. 2009 Feb;41(2):459-71. 
24. Atwater WO, Rosa EB. A new respiration calorimeter and experiments on the 
conservation of energy in the human body. Phys  Rev. 1899;9:129. 
25. Haldane, JS, Priestley, JG. Respiration. New York: Oxford University Press; 1935. 
26. Jette M, Sidney K, Blumchen G. Metabolic equivalents (METS) in exercise testing, 
exercise prescription, and evaluation of functional capacity. Clin Cardiol. 1990 
Aug;13(8):555-65. 
27. Lavie CJ, Milani RV. Metabolic equivalent (MET) inflation--not the MET we used to 
know. J Cardiopulm Rehabil Prev. 2007 May-Jun;27(3):149-50. 
28. Passmore R, Durnin JV. Human energy expenditure. Physiol Rev. 1955 
Oct;35(4):801-40. 
29. Durnin JV, Weir JB. Variations in the metabolic cost of standard activities. J Physiol. 
1954 Aug 27;125(2):60-1. 
30. Balke B. Prescribing physical activity In: Ryan A, Allman F, editors. Sports Medicine. 
New York: Academic Press; 1974; p. 505. 
31. Katz A, Sahlin K. Regulation of lactic acid production during exercise. J Appl 
Physiol. 1988 Aug;65(2):509-18. 
32. Janssen, P. G. J. M. Training Lactate Pulse-Rate. Oulu, Finland: Polar Electro Oy; 
1987. 173 p. 
33. Yoshida T, Udo M, Chida M, Ichioka M, Makiguchi K, Yamaguchi T. Specificity of 
physiological adaptation to endurance training in distance runners and competitive 
walkers. Eur J Appl Physiol Occup Physiol. 1990;61(3-4):197-201. 
34. Boulay MR, Simoneau JA, Lortie G, Bouchard C. Monitoring high-intensity 
endurance exercise with heart rate and thresholds. Med Sci Sports Exerc. 1997 
Jan;29(1):125-32. 
35. Moran P, Prichard JG, Ansley L, Howatson G. The influence of blood lactate sample 
site on exercise prescription. J Strength Cond Res. 2012 Feb;26(2):563-7. 
36. Bellezza PA, Hall EE, Miller PC, Bixby WR. The influence of exercise order on blood 
lactate, perceptual, and affective responses. Journal of Strength and Conditioning 
Research. 2009;23(1):203-8. 
33 
 
37. Zeni AI, Hoffman MD, Clifford PS. Relationships among heart rate, lactate 
concentration, and perceived effort for different types of rhythmic exercise in women. 
Arch Phys Med Rehabil. 1996 Mar;77(3):237-41. 
38. Burkow-Heikkinen L. Non-invasive physiological monitoring of exercise and fitness. 
Neurol Res. 2011 Jan;33(1):3-17. 
39. Rose JC. The fick principle and the cardiac output. GP. 1956 Sep;14(3):115-6. 
40. Shargal E, Shtrik R, Zigel L, Schwartz B, Pilz-Burstein R. Heart rate monitoring as a 
reliable tool for assessing energy expenditure in obese individuals. J Sports Med Phys 
Fitness. 2011 Sep;51(3):473-9. 
41. Bernmark E, Forsman M, Pernold G, Wiktorin C. Validity of heart-rate based 
measurements of oxygen consumption during work with light and moderate physical 
activity. Work. 2012;41 Suppl 1:5475-6. 
42. Mielke M, Housh TJ, Hendrix CR, Camic CL, Zuniga JM, Schmidt RJ, Johnson GO. 
Oxygen uptake, heart rate, and ratings of perceived exertion at the PWCVo2. J Strength 
Cond Res. 2009 Jul;23(4):1292-9. 
43. Herman CW, Nagelkirk PR, Pivarnik JM, Womack CJ. Regulating oxygen uptake 
during high-intensity exercise using heart rate and rating of perceived exertion. Med Sci 
Sports Exerc. 2003 Oct;35(10):1751-4. 
44. Wergel-Kolmert U, Wisen A, Wohlfart B. Repeatability of measurements of oxygen 
consumption, heart rate and borg's scale in men during ergometer cycling. Clin Physiol 
Funct Imaging. 2002 Jul;22(4):261-5. 
45. Jakicic JM, Donnelly JE, Pronk NP, Jawad AF, Jacobsen DJ. Prescription of 
exercise intensity for the obese patient: The relationship between heart rate, VO2 and 
perceived exertion. Int J Obes Relat Metab Disord. 1995 Jun;19(6):382-7. 
46. Weltman A, Snead D, Seip R, Schurrer R, Weltman J, Rutt R, Rogol A. Percentages 
of maximal heart rate, heart rate reserve and VO2max for determining endurance 
training intensity in male runners. Int J Sports Med. 1990 Jun;11(3):218-22. 
47. Bruce FM, Floyd WF, Ward JS. Oxygen consumption and heart rate during stair 
climbing. J Physiol. 1967 Jul;191(2):90-2. 
48. Swain DP, Leutholtz BC. Heart rate reserve is equivalent to %VO2 reserve, not to 
%VO2max. Med Sci Sports Exerc. 1997 Mar;29(3):410-4. 
49. Garet M, Boudet G, Montaurier C, Vermorel M, Coudert J, Chamoux A. Estimating 
relative physical workload using heart rate monitoring: A validation by whole-body 
indirect calorimetry. Eur J Appl Physiol. 2005 May;94(1-2):46-53. 
34 
 
50. Achten J, Jeukendrup AE. Heart rate monitoring: Applications and limitations. Sports 
Med. 2003;33(7):517-38. 
51. Cunha FA, Midgley AW, Monteiro WD, Campos FK, Farinatti PT. The relationship 
between oxygen uptake reserve and heart rate reserve is affected by intensity and 
duration during aerobic exercise at constant work rate. Appl Physiol Nutr Metab. 2011 
Dec;36(6):839-47. 
52. Taylor C. Some properties of maximal and submaximal exercise with reference to 
physiological variation and the measurement of exercise tolerance. Am  J  Physiol. 
1944;142:200. 
53. Brooke JD, Hamley EJ, Thomason H. Variability in the measurement of exercise 
heart rate. J Sports Med Phys Fitness. 1970 Mar;10(1):21-5. 
54. Becque MD, Katch V, Marks C, Dyer R. Reliability and within subject variability of 
VE, VO2, heart rate and blood pressure during submaximum cycle ergometry. Int J 
Sports Med. 1993 May;14(4):220-3. 
55. Armstrong LE, Maresh CM, Gabaree CV, Hoffman JR, Kavouras SA, Kenefick RW, 
Castellani JW, Ahlquist LE. Thermal and circulatory responses during exercise: Effects 
of hypohydration, dehydration, and water intake. J Appl Physiol. 1997 Jun;82(6):2028-
35. 
56. Montain SJ, Coyle EF. Influence of graded dehydration on hyperthermia and 
cardiovascular drift during exercise. J Appl Physiol. 1992 Oct;73(4):1340-50. 
57. Cheuvront SN, Carter R,3rd, Castellani JW, Sawka MN. Hypohydration impairs 
endurance exercise performance in temperate but not cold air. J Appl Physiol. 2005 
Nov;99(5):1972-6. 
58. Laukkanen RM, Virtanen PK. Heart rate monitors: State of the art. J Sports Sci. 
1998 Jan;16 Suppl:S3-7. 
59. Burke, ER. Precision Heart Rate Training. Champaign, IL: Human Kinetics; 1998. 
211 p. 
60. Bannister E. Modeling elite athletic performance In: Green H, McDougall J, Wenger 
H, editors. Physiological testing of elite athletes. Champaign, IL: Human Kinetics; 1991; 
p. 403. 
61. Karvonen J, Vuorimaa T. Heart rate and exercise intensity during sports activities. 
practical application. Sports Med. 1988 May;5(5):303-11. 
62. Kraemer WJ, Fleck SJ. Training Principles In: Optimizing Strength Training. 
Champaign, IL: Human Kinetics; 2007; p. 27. 
35 
 
63. Lehmann M, Dickhuth HH, Gendrisch G, Lazar W, Thum M, Kaminski R, Aramendi 
JF, Peterke E, Wieland W, Keul J. Training-overtraining. A prospective, experimental 
study with experienced middle- and long-distance runners. Int J Sports Med. 1991 
Oct;12(5):444-52. 
64. Centers for Disease Control and Prevention. Exercise or Physical Activity Fact Stas 
[Internet].  
65. Jeukendrup A, VanDiemen A. Heart rate monitoring during training and competition 
in cyclists. J Sports Sci. 1998 Jan;16 Suppl:S91-9. 
66. Fjortoft I, Lofman O, Halvorsen Thoren K. Schoolyard physical activity in 14-year-old 
adolescents assessed by mobile GPS and heart rate monitoring analysed by GIS. 
Scand J Public Health. 2010 Nov;38(5 Suppl):28-37. 
67. Noakes TD, Lambert MI, Gleeson M. Heart rate monitoring and exercise: 
Challenges for the future. J Sports Sci. 1998 Jan;16 Suppl:S105-6. 
68. Osterberg L, Blaschke T. Adherence to medication. N Engl J Med. 2005 Aug 
4;353(5):487-97. 
69. Macera CA. Interventions to increase long-term exercise adherence and weight 
loss. Clin J Sport Med. 2000 Oct;10(4):306. 
70. Neithercott T. Go-go gadgets. exercise devices can help you improve your fitness. 
Diabetes Forecast. 2012 Aug;65(8):42-3. 
71. Aaltonen S, Rottensteiner M, Kaprio J, Kujala UM. Motives for physical activity 
among active and inactive persons in their mid-30s. Scand J Med Sci Sports. 2013 Jan 
17 
72. Ahtinen A, Mantyjarvi J, Hakkila J. Using heart rate monitors for personal wellness--
the user experience perspective. Conf Proc IEEE Eng Med Biol Soc. 2008:1591-7. 
73. Borg G. Perceived exertion as an indicator of somatic stress. Scand J Rehabil Med. 
1970;2(2):92-8. 
74. Borg G, Dahlstrom H. A case study of perceived exertion during a work test. Acta 
Soc Med Ups. 1962;67:91-3. 
75. Borg G, Edgren B, Marklund G. Work test with feed-back system in order to guide 
the working conditions. Nord Med. 1971 Jun 3;85(22):698-9. 
76. Borg G, Diamant H, Strom L, Zotterman Y. The relation between neural and 
perceptual intensity: A comparative study on the neural and psychophysical response to 
taste stimuli. J Physiol. 1967 Sep;192(1):13-20. 
36 
 
77. Borg G. Subjective effort and physical abilities. Scand J Rehabil Med Suppl. 
1978;6:105-13. 
78. Hampson DB, St Clair Gibson A, Lambert MI, Noakes TD. The influence of sensory 
cues on the perception of exertion during exercise and central regulation of exercise 
performance. Sports Med. 2001;31(13):935-52. 
79. Micklewright D, Papadopoulou E, Swart J, Noakes T. Previous experience 
influences pacing during 20 km time trial cycling. Br J Sports Med. 2010 Oct;44(13):952-
60. 
80. Mihevic PM. Sensory cues for perceived exertion: A review. Med Sci Sports Exerc. 
1981;13(3):150-63. 
81. Scherr J, Wolfarth B, Christle JW, Pressler A, Wagenpfeil S, Halle M. Associations 
between borg's rating of perceived exertion and physiological measures of exercise 
intensity. Eur J Appl Physiol. 2013 Jan;113(1):147-55. 
82. Noble, BJ, Robertson, RJ. Perceived Exertion. Champaign, IL: Human Kinetics; 
1996. 
83. Scherr J, Wolfarth B, Christle JW, Pressler A, Wagenpfeil S, Halle M. Associations 
between borg's rating of perceived exertion and physiological measures of exercise 
intensity. Eur J Appl Physiol. 2013 Jan;113(1):147-55. 
84. Borg GA. Perceived exertion: A note on "history" and methods. Med Sci Sports. 
1973 Summer;5(2):90-3. 
85. Skinner JS, Hutsler R, Bergsteinova V, Buskirk ER. The validity and reliability of a 
rating scale of perceived exertion. Med Sci Sports. 1973 Summer;5(2):94-6. 
86. Ekkekakis P. Let them roam free? physiological and psychological evidence for the 
potential of self-selected exercise intensity in public health. Sports Med. 
2009;39(10):857-88. 
87. Whaley MH, Brubaker PH, Kaminsky LA, Miller CR. Validity of rating of perceived 
exertion during graded exercise testing in apparently healthy adults and cardiac 
patients. J Cardiopulm Rehabil. 1997 Jul-Aug;17(4):261-7. 
88. Robertson RJ, Noble BJ. Perception of physical exertion: Methods, mediators, and 
applications. Exerc Sport Sci Rev. 1997;25:407-52. 
89. Dishman RK. Prescribing exercise intensity for healthy adults using perceived 
exertion. Med Sci Sports Exerc. 1994 Sep;26(9):1087-94. 
37 
 
90. Maresh CM, Noble BJ. Utilization of Perceived Exertion Ratings During Exercise 
Testing and Training In: Hall LK, editor. Cardiac Rehabilitation; Exercise Testing and 
Prescription. Ann Arbor, MI: SP Medical & Scientific Books; 1984; p. 155. 
91. Robertson RJ, Gillespie RL, Hiatt E, Rose KD. Perceived exertion and stimulus 
intensity modulation. Percept Mot Skills. 1977 Aug;45(1):211-8. 
92. Pennebaker, JW. The Psychology of Physical Symptoms. New York, NY: Springer-
Verlag; 1982. 197 p. 
93. Smutok MA, Skrinar GS, Pandolf KB. Exercise intensity: Subjective regulation by 
perceived exertion. Arch Phys Med Rehabil. 1980 Dec;61(12):569-74. 
94. Kang J, Chaloupka EC, Biren GB, Mastrangelo MA, Hoffman JR. Regulating 
intensity using perceived exertion: Effect of exercise duration. Eur J Appl Physiol. 2009 
Feb;105(3):445-51. 
95. Colberg SR, Swain DP, Vinik AI. Use of heart rate reserve and rating of perceived 
exertion to prescribe exercise intensity in diabetic autonomic neuropathy. Diabetes 
Care. 2003 Apr;26(4):986-90. 
96. Dunbar CC, Robertson RJ, Baun R, Blandin MF, Metz K, Burdett R, Goss FL. The 
validity of regulating exercise intensity by ratings of perceived exertion. Med Sci Sports 
Exerc. 1992 Jan;24(1):94-9. 
97. Kang J, Hoffman JR, Walker H, Chaloupka EC, Utter AC. Regulating intensity using 
perceived exertion during extended exercise periods. Eur J Appl Physiol. 2003 
Jun;89(5):475-82. 
98. Celine CG, Monnier-Benoit P, Groslambert A, Tordi N, Perrey S, Rouillon JD. The 
perceived exertion to regulate a training program in young women. J Strength Cond 
Res. 2011 Jan;25(1):220-4. 
99. Aamot IL, Forbord SH, Karlsen T, Stoylen A. Does rating of perceived exertion 
result in target exercise intensity during interval training in cardiac rehabilitation? A 
study of the borg scale versus a heart rate monitor. J Sci Med Sport. 2013 Aug 
8;S1440-2440(13):184. 
100. Glass SC, Knowlton RG, Becque MD. Accuracy of RPE from graded exercise to 
establish exercise training intensity. Med Sci Sports Exerc. 1992 Nov;24(11):1303-7. 
101. Dunbar CC, Goris C, Michielli DW, Kalinski MI. Accuracy and reproducibility of an 
exercise prescription based on ratings of perceived exertion for treadmill and cycle 
ergometer exercise. Percept Mot Skills. 1994 Jun;78(3 Pt 2):1335-44. 
38 
 
102. Strzelczyk TA, Quigg RJ, Pfeifer PB, Parker MA, Greenland P. Accuracy of 
estimating exercise prescription intensity in patients with left ventricular systolic 
dysfunction. J Cardiopulm Rehabil. 2001 May-Jun;21(3):158-63. 
103. Dunbar CC, Kalinski MI. Using RPE to regulate exercise intensity during a 20-week 
training program for postmenopausal women: A pilot study. Percept Mot Skills. 2004 
Oct;99(2):688-90. 
104. Ilarraza H, Myers J, Kottman W, Rickli H, Dubach P. An evaluation of training 
responses using self-regulation in a residential rehabilitation program. J Cardiopulm 
Rehabil. 2004 Jan-Feb;24(1):27-33. 
105. Chow RJ, Wilmore JH. The regulation of exercise intensity by ratings of perceived 
exertion. J  Cardiac Rehabil. 1984;4:382. 
106. Crookham J. A guide to exercise prescription. Prim Care. 2013 Dec;40(4):801-20. 
107. Joy EL, Blair SN, McBride P, Sallis R. Physical activity counselling in sports 
medicine: A call to action. Br J Sports Med. 2013 Jan;47(1):49-53. 
108. Phillips EM, Kennedy MA. The exercise prescription: A tool to improve physical 
activity. PM R. 2012 Nov;4(11):818-25. 
109. Dunbar CC, Robertson RJ, Baun R, Blandin MF, Metz K, Burdett R, Goss FL. The 
validity of regulating exercise intensity by ratings of perceived exertion. Med Sci Sports 
Exerc. 1992 Jan;24(1):94-9. 
110. Dunbar CC, Goris C, Michielli DW, Kalinski MI. Accuracy and reproducibility of an 
exercise prescription based on ratings of perceived exertion for treadmill and cycle 
ergometer exercise. Percept Mot Skills. 1994 Jun;78(3 Pt 2):1335-44. 
111. Kang J, Hoffman JR, Walker H, Chaloupka EC, Utter AC. Regulating intensity 
using perceived exertion during extended exercise periods. Eur J Appl Physiol. 2003 
Jun;89(5):475-82. 
112. Dunbar CC, Kalinski MI. Using RPE to regulate exercise intensity during a 20-week 
training program for postmenopausal women: A pilot study. Percept Mot Skills. 2004 
Oct;99(2):688-90. 
113. Balducci S, Zanuso S, Cardelli P, Salvi L, Bazuro A, Pugliese L, Maccora C, 
Iacobini C, Conti FG, Nicolucci A, Pugliese G, Italian Diabetes Exercise Study (IDES) 
Investigators. Effect of high- versus low-intensity supervised aerobic and resistance 
training on modifiable cardiovascular risk factors in type 2 diabetes; the italian diabetes 
and exercise study (IDES). PLoS One. 2012;7(11):e49297. 
39 
 
114. Lee IM, Hsieh CC, Paffenbarger RS,Jr. Exercise intensity and longevity in men. the 
harvard alumni health study. JAMA. 1995 Apr 19;273(15):1179-84. 
115. Manson JE, Greenland P, LaCroix AZ, Stefanick ML, Mouton CP, Oberman A, 
Perri MG, Sheps DS, Pettinger MB, Siscovick DS. Walking compared with vigorous 
exercise for the prevention of cardiovascular events in women. N Engl J Med. 2002 Sep 
5;347(10):716-25. 
116. Sheehan TJ, DuBrava S, DeChello LM, Fang Z. Rates of weight change for black 
and white americans over a twenty year period. Int J Obes Relat Metab Disord. 2003 
Apr;27(4):498-504. 
117. Coakley EH, Rimm EB, Colditz G, Kawachi I, Willett W. Predictors of weight 
change in men: Results from the health professionals follow-up study. Int J Obes Relat 
Metab Disord. 1998 Feb;22(2):89-96. 
118. Tremblay A, Despres JP, Leblanc C, Craig CL, Ferris B, Stephens T, Bouchard C. 
Effect of intensity of physical activity on body fatness and fat distribution. Am J Clin 
Nutr. 1990 Feb;51(2):153-7. 
119. Sherwood NE, Jeffery RW, French SA, Hannan PJ, Murray DM. Predictors of 
weight gain in the pound of prevention study. Int J Obes Relat Metab Disord. 2000 
Apr;24(4):395-403. 
120. Littman AJ, Kristal AR, White E. Effects of physical activity intensity, frequency, 
and activity type on 10-y weight change in middle-aged men and women. Int J Obes 
(Lond). 2005 May;29(5):524-33. 
121. Stofan JR, DiPietro L, Davis D, Kohl HW,3rd, Blair SN. Physical activity patterns 
associated with cardiorespiratory fitness and reduced mortality: The aerobics center 
longitudinal study. Am J Public Health. 1998 Dec;88(12):1807-13. 
122. Keteyian SJ. Swing and a miss or inside-the-park home run: Which fate awaits 
high-intensity exercise training? Circulation. 2012 Sep 18;126(12):1431-3. 
123. DiPietro L, Dziura J, Yeckel CW, Neufer PD. Exercise and improved insulin 
sensitivity in older women: Evidence of the enduring benefits of higher intensity training. 
J Appl Physiol (1985). 2006 Jan;100(1):142-9. 
124. Farah BQ, Ritti-Dias RM, Balagopal PB, Hill JO, Prado WL. Does exercise intensity 
affect blood pressure and heart rate in obese adolescents? A 6-month multidisciplinary 
randomized intervention study. Pediatr Obes. 2013 Feb 28;Article in Press. 
125. Ross R, Hudson R, Day AG, Lam M. Dose-response effects of exercise on 
abdominal obesity and risk factors for cardiovascular disease in adults: Study rationale, 
design and methods. Contemp Clin Trials. 2013 Jan;34(1):155-60. 
40 
 
126. Brambilla P, Pozzobon G, Pietrobelli A. Physical activity as the main therapeutic 
tool for metabolic syndrome in childhood. Int J Obes (Lond). 2011 Jan;35(1):16-28. 
127. Eicher JD, Maresh CM, Tsongalis GJ, Thompson PD, Pescatello LS. The additive 
blood pressure lowering effects of exercise intensity on post-exercise hypotension. Am 
Heart J. 2010 Sep;160(3):513-20. 
128. Naci H, A loannidis JP. Compariative effectiveness of exercise and drug 
interventions on mortality outcomes: Metaepidemiological study. BMJ. 2013;347:f5577. 
129. Bourke L, Homer KE, Thaha MA, Steed L, Rosario DJ, Robb KA, Saxton JM, 
Taylor SJ. Interventions for promoting habitual exercise in people living with and beyond 
cancer. Cochrane Database Syst Rev. 2013 Sep 24;9:CD010192. 
130. Dalleck LC, Van Guilder GP, Quinn EM, Bredle DL. Primary prevention of 
metabolic syndrome in the community using an evidence-based exercise program. Prev 
Med. 2013 Oct;57(4):392-5. 
131. Dunbar CC. Practical use of ratings of perceived exertion in a clinical setting. 
Sports Med. 1993 Oct;16(4):221-4. 
   
 
  
41 
 
 
 
Chapter 2 - Statement of the Problem 
 
 
 
 
  
42 
 
Adequate physical activity is a daily stimulus, created by bodily movement that is 
necessary for reduction of cardiovascular disease and metabolic syndrome risk as well 
as maintaining proper physical and mental health (1).  As many countries become more 
industrialized, the necessity for movement during a normal day has reduced 
significantly.  Accordingly, the benefits that were previously attained from physical 
activity that was a part of daily activities are now generally achieved by adherence to 
recommendations for structured exercise such as those endorsed by the American 
College of Sports Medicine (ACSM) (2).  However, identifying the volume of exercise 
that is required for optimal health outcomes is a difficult task.  ACSM has created a 
framework based on frequency, intensity, time, and type of exercise in an effort to 
spread concrete and measureable recommendations for exercise stimulus prescription 
(3).  Although these recommendations are evidence based, the transfer of this 
information into practice can be complicated due to different methods with which to 
measure and monitor exercise intensity.  As a medical community, the benefits of 
exercise are known, but the best method with which to disseminate and prescribe this 
information has yet to be determined (4). 
Intensity refers to the amount of physical work being accomplished during and 
exercise session in relation to an individual’s maximal work capacity, which can be 
expressed as a unit of work (i.e., watts) or proportion of cardiorespiratory exercise 
capacity (i.e., percentage of maximal oxygen consumption; %VO2max) (5).  Within the 
exercise physiology laboratory this can be measured with a metabolic cart which can 
measure oxygen consumption.  However, outside of the laboratory intensity can be 
difficult to measure.  Therefore, substitute estimation techniques have been established 
43 
 
to help in the propagation of proper exercise intensity prescription.  The use of HR 
monitors offers a convenient and validated manner to monitor exercise intensity (6).  
However, the cost and methodologies necessary for accurate usage may limit their 
applicability (7).   
Another attractive intensity measurement and prescription technique is through 
the use of the subjective rating of perceived exertion (RPE) scale (8, 9).  Although RPE 
has been shown to correlate well with physiological measures of exercise intensity such 
as HR it does not perform as well when used for exercise prescription (10).  Specifically, 
when individuals are prompted to produce an exercise intensity using only an RPE cue 
that had previously been matched to a physiological marker (i.e., %VO2) the achieved 
intensity, especially at lower prescriptions, tends to fall short of the prescribed intensity ( 
Table 1, and11).  In most of the cases presented in the literature the difference between 
achieved and prescribed exercise intensity are not significantly different or do not result 
in different outcomes (12).  However, previous studies have been completed over a 
relatively short term (13, 14) or have used exercise intensities above where differences 
have been observed and/or time intervals that are too short for heart rate to plateau 
(15). 
Exercise intensity is extremely important to exercise prescription.  
Epidemiological studies have linked participation in greater amounts of vigorous activity 
to be related to lower rates of all-cause mortality, increased weight gain, and risk of 
cardiovascular disease (16-18).  In the shorter term, intervention studies have shown 
risk factor benefits to exercising at higher intensities when compared to interventions 
which are matched for caloric expenditure (19-21).  For both fitness and health, exercise 
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volume (of which intensity is part of the equation) has been shown to display a dose 
response curve with more stimulus resulting in greater improvements up to a point 
where the improvements eventually plateau and then decrease at the point of injury or 
overtraining (7, 22).  Therefore, utilizing a technique to precisely monitor and prescribe 
exercise intensity is imperative.  With proper prescription individuals are given the best 
chance to achieve target intensity during each exercise session so that the overall 
exercise stimulus is robust enough to elicit the beneficial responses and adaptations of 
exercise. 
Both HR monitoring and the RPE scale offer methods to prescribe and monitor 
exercise intensity (23, 24).  However, there have been no previous studies to our 
knowledge directly compare them during a traditional run training program or within a 
non-clinical population.  Also, very few randomized control intervention studies have 
quantified exercise intensity (25).  Therefore, the purpose of this investigation was to 
compare six weeks of run training between two groups using different cues for their 
exercise intensity.  In this manner it can be determined if running intensity prescription 
using either HR or RPE (i.e., both matched to particular relative %VO2 targets) perform 
better.  Based on the previous literature, it appears as though individuals being 
prescribed with RPE may not achieve the target intensity.  Therefore, I hypothesize that 
a lower average exercise intensity within the RPE group will result in attenuated 
exercise training responses which can influence performance, cardiorespiratory, and 
cardiovascular adaptations.  Within a population that is overweight there may also be 
differences in the benefits to risk factors associated with the metabolic syndrome (i.e., 
high density lipoprotein concentration, fasting blood glucose concentration, triglyceride 
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concentration, mean arterial pressure, and waist circumference).  Following this 
investigation, researchers, medical professionals, coaches, and clinical exercise 
specialists will benefit by knowing if HR- or RPE-based prescription techniques are 
optimal for exercise intensity prescription.   
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Abstract 
 
Exercise intensity prescription and self-regulation can be accomplished through 
objective heart rate monitoring or subjective rating of perceived exertion (RPE).  
Objective: Compare two groups of untrained males during and following six weeks of 
run training to determine if exercise intensity prescription via HR or RPE is superior for 
achievement of target intensity and performance outcomes.    Design: Laboratory and 
field controlled trials. Participants were divided into a heart rate training group (HRTG) 
and a rating of perceived exertion training group (RPETG) in a non-randomized, 
counter-balanced method controlling for baseline values. Methods: Forty untrained and 
overweight males underwent maximal graded exercise testing (GXT), anthropomorphic 
measurements, and a 12 min run test.  Training intensity was prescribed at 45, 60, 75, 
and 90%VO2 reserve (VO2R) as a target HR or RPE for each running bout.  Only HRTG 
was able to view HR during the session, to aid in regulation of training intensity. 
Results: Mean percentage of heart rate reserve, (%HRR; 66±7, 62±9%) was not 
statistically different between HRTG and RPETG.  VO2max (+4.1±2.5 mL·kg-1·min-1) and 
12min run distance (+240±150m) improved equally in HRTG and RPETG.  When 
intensity and RPE were analyzed using all reported values equally, HRTG displayed an 
increased average and smaller range of achieved intensities compared to RPETG at the 
45 and 60%VO2R intensity levels. Conclusions: HR- and RPE-prescribed intensity 
resulted in similar mean exercise intensity and performance outcomes over 6 weeks.  
However, there is concern of under- and over-estimation of intensity with the use of 
RPE due to large observed variance in achieved intensity prescribed ≤60%VO2R. 
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Introduction 
 
Running is increasing in popularity as a recreational activity in the United States, 
with the number of yearly race finishers increasing 80% (8.6 to 15.5 million) between 
2000 and 2012.1  Of these runners, 16% state that the reason they began running was 
“weight concerns” and 76% state the motivation for continued running is to “keep 
healthy”.2  Maintaining physical fitness and competition are other motivators for general 
activity that have been rated highly among consistent exercisers and those that are new 
to exercise.3  Therefore, it is important that proper training recommendations be defined 
to enable this population to optimized participation and performance.   
Exercise prescription can be guided by the American College of Sports Medicine 
(ACSM) FITT principle which suggests the optimal frequency, intensity, time, and type 
(FITT) of exercise4  among healthy and overweight populations.5,6  However, exercise 
intensity is more difficult to quantify because it refers to energy expenditure which is 
challenging and expensive to measure outside of a laboratory setting.7  Hence, the 
ACSM recommends using a surrogate measure such as percentage of heart rate 
reserve (%HRR) or the subjective rating of perceived exertion (RPE) scale to prescribe 
and monitor exercise intensity.  Both measurements present advantages and 
disadvantages.  
Heart rate (HR) is typically observed and measured during exercise with the use 
of a HR monitor.  Many sport coaches recommend using a HRM during exercise 
sessions to maximize the utility of training.8-10  However, the cost and technological 
expertise needed to use a HRM during training are recognized limitations to their use.11  
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Also, it has been questioned by some running purists because it has yet to be proven 
that athletes training with the aid of HR monitors perform better than those who do not.12 
The RPE scale was initially developed using 6 to 20 numerical range, in 
accordance with the known positive relationship between HR and exercise intensity.13,14  
This psychophysiological instrument has been validated as a method to prescribe 
exercise comparable to the use of HR.15,16  One major shortcoming of RPE is the large 
inter-individual variability for given intensities that can partially be attributed to the 
tendency of certain individuals to augment or reduce their perceived exertion (i.e., 
always report high, or always report low RPE regardless of actual exercise 
intensity).17,18  Additionally, the accuracy of RPE at lower intensities has been 
questioned, 19 and some investigations have observed participants falling short of target 
intensity when cued with only RPE.20,21  However, RPE remains an attractive exercise 
prescription option due to its simplicity and minimal cost. 
The purpose of the current investigation was to compare two groups of sedentary 
males that were overweight in an effort to determine if exercise intensity prescription via 
HR or RPE afforded closer adherence to prescribed values.  We hypothesized that the 
group prescribed intensity with RPE (RPETG) would fail to meet their target intensity, 
whereas the group prescribed intensity with HR (HRTG) would match their target 
intensity.  Additionally, we hypothesized that RPETG would achieve a lower overall 
exercise intensity over 6 weeks, which would manifest in smaller changes of 
cardiovascular capacity and running performance when compared to the HRTG.  The 
goal of the investigation was to determine the optimal technique to prescribe exercise 
intensity to the growing population of runners who exercise for health and competition.  
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Methods 
Forty untrained and overweight college aged males were recruited for the current 
investigation, (22±4y, 27.5kg·m-2).  All participants attended a briefing meeting to have 
the risks and benefits explained.  Prior to enrollment, in accordance with all human 
research ethical guidelines, participants signed an informed consent that had been 
approved by the University of Connecticut Institutional Review Board, within the Office 
of Research Compliance, approval number H12-324.   
This laboratory and field controlled trial took place in three stages; pre-testing, six 
weeks of supervised run training, and post-training testing.  Participants were divided 
into the HRTG the RPETG in a non-randomized counter-balanced method to control for 
the influence of starting VO2max, body mass index (BMI), and 12 min run distance on 
improvements in performance.  Prior to any measurements all participants took part in 
an outdoor running familiarization intended to introduce the RPE scale and allow 
participants to practice using it while running at three self-selected intensity levels.  
On the first day of data collection, participants reported to the laboratory for 
resting measurements and a treadmill maximal graded exercise test (GXT).  Height was 
measured by a stadiometer, body mass was measured with a calibrated digital floor 
scale (Healthometer 349KLX, Sunbeam Corporation Limited, Botany Austrailia).  Next, 
participants were fitted with a heart rate monitor (HRM; Ironman® Race TrainerTM Digital 
Heart Rate System, Timex Group USA, Inc., Middlebury, CT) and a mouthpiece 
connected to a metabolic cart (TrueOne 2400, Parvo Medics, Sandy UT).  They sat 
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quietly for 5 minutes to have resting oxygen consumption and HR (HRrest) measured.  
The GXT consisted of up to seven, two minute stages all taking place on a 1% incline.  
Tests began with a walking stage of 1.6m·s-1,then speed was increased in 0.2 – 1.0m·s-
1
 increments to complete the test within 8-12 minutes.  Tests were terminated when 
participants reached volitional fatigue.  Following >10min rest, participants completed a 
VO2max confirmation trial beginning at the speed of the last fully completed stage from 
the GXT and increased 2.5% every minute until volitional fatigue.   
On a separate day, participants completed a 12 minute run test.22  Participants 
ran for 12 minutes around an outdoor track with the goal of covering as much distance 
as possible.  The distance of their final uncompleted lap was measured to the nearest 
meter with a distance measuring wheel (DMW-0621, Kintrex, Vienna, VA).  All of the 
above testing was completed on a second occasion within 7 days of completing the 6 
weeks of run training described below. 
Intensity was prescribed based on individual HR or RPE to oxygen consumption 
reserve (VO2R) relationship curves of best fit (Figure 1).  Next, the HR and RPE 
integers equivalent to 45, 60, 75, and 90%VO2R were calculated based on the equation 
of the line of best fit. Thus, both HRTG and RPETG participants had training cues that 
were theoretically based on the same four relative intensities. 
Group run training took place on an outdoor track over 6 consecutive weeks.  
The duration of weekly exercise progressed from 150 min during the initial week up to a 
maximum of 270 min during the final week.  Participants ran three sessions for the first 
2 weeks and four sessions during the last 4 weeks of training.  Sessions began with a 
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standardized ten minute dynamic warm-up and concluded with 5 minutes of walking to 
aid in restoring normal blood circulation.  This time was included in total exercise time 
but intensity was not prescribed.   
Prior to each running bout participants were individually assigned their prescribed 
intensity as a HR or RPE target depending on their training group membership.  
Participants self-regulated their intensity during the bout and were permitted to run or 
walk at their own discretion.  They were discouraged from running in groups and no 
external incentives were placed on running faster, slower, or adhering more closely to 
the prescribed value.  All participants wore a HRM similar to the one described above 
during the run sessions, however, the displays of the HRM in RPETG were covered so 
HR biofeedback was not visible.  The distance and RPE of each running bout was 
recorded within a minute of completion.  Immediately following the training session all 
HR monitor data were downloaded and stored with the use of analysis software 
(TrainingPeaks, Peakswear LLC, Boulder CO).   
All statistical analyses were computed with the use of IBM® SPSS® Statistics 
(V.20.0.0, IBM Corp., Armonk, New York).  Pre- versus post-testing measurements 
were compared using 2×2 (Group × Time) repeated measures analyses of variance 
(ANOVA).  Independent sample t-Tests were used to compare within training variables 
for average heart rate (HRavg), percentage of heart rate reserve (%HRR), the number of 
beats·min-1 displaced from the target (HRoff), RPE, number of integers displaced from 
the target RPE (RPEoff), and distance completed.  Equality of variance was assumed 
unless Levene’s Test for Equality of Variances was violated.  Average HR for the entire 
six weeks of training was calculated for each participant by summing the products of 
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average HR with the fractional duration contribution of each running bout.  Integers from 
prescribed intensity (HRoff and RPEoff) were calculated for each running bout as 
(achieved HR- prescribed HR), or (reported RPE - prescribed RPE).  Therefore, positive 
values represent a HR or RPE above that which was prescribed, and a negative value 
represents a HR or RPE below the prescribed value.  Run bout averages for RPE and 
HR were also compared using all bouts and by treating each running bout as an 
individual event without weighting for run bout duration.  Bonferroni corrections were 
made for multiple comparisons where appropriate.  
 
Results 
For the 45, 60, 75, and 90%VO2R intensity cues there were no differences in the 
mean HR (137±13, 155±12, 172±11, 189±10 beats·min-1; 137±12, 153±13, 169±12, 
185±11 beats·min-1) or RPE (10±2, 11±1, 13±1, 16±1; 9±2, 11±2, 13±2, 16±1; all p > 
0.304) between HRTG and RPETG, respectively.  The relative HRR of the absolute HR 
values above were slightly above the representative %VO2R, however, they did not 
differ at any intensity level between groups (55±8, 68±6, 81±5, 93±3%HRR; 56±6, 69±7, 
81±6, 93±3%HRR; all p > 0.509).   
VO2max displayed a significant main effect of time increasing equally in HRTG 
(44.6±5.7, 48.6±5.8 mL·kg-1·min-1) and in RPETG (43.9±5.2, 48.1±4.7 mL·kg-1·min-1; p < 
0.001). 
 
 The 12min run distance also displayed a significant main effect of time 
improving equally in HRTG (2247±420, 2487±335m) and RPETG (2294±277, 
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2534±295m; p < 0.001).  However, no interactions were observed between training 
groups for either VO2max or 12 min run distance.  
There were no significant differences across the 6 weeks of training for distance 
covered (118.6±2.1, 115.0±2.0 km; p =0.577), and HRavg (151±11, 145±14 beats·min-1; 
p = 0.103) or %HRR (66±7, 62±9 %HRR; p = 0.166) between HRTG and RPETG, 
respectively.  When training sessions were analyzed as individual events and not 
weighted for the duration of the run bouts, the HRTG displayed higher HR and %HRR 
values, and the number of beats displaced from the prescribed intensity was lower in 
HRTG at the 45 and 60% intensity levels (all p < 0.004; figure 2).  However at the 
highest intensity level there were no differences between groups for absolute HR or 
%HRR (both p > 0.018) and the mean number of beats displaced from prescribed 
intensity was significantly lower in RPETG (p = 0.008).  
Across the 6 weeks, average RPE was similar in HRTG (13±3) and RPETG 
(12±3; p = 0.158).  When RPE was analyzed on a case by case basis, at each intensity 
level, significant between-group differences were observed at the 60 (11±2, 11±2), 75 
(14±2, 13±2), and 90%HRR intensity levels (16±1, 15±1; all p < 0.006).  At the 45%HRR 
training intensity, RPE was not different between HRTG (9±2) and RPETG (9±2; p = 
0.402); Levene’s test of equality was satisfied for all comparisons.  Despite RPE being 
higher in HRTG at most intensity levels, significant differences between training groups 
in the mean number of integers away from the prescribed RPE was only higher in 
HRTG at the 75% intensity level (2±1 versus 1±1, p = 0.001) .  Ranges and percentile 
distributions of all RPE responses are displayed in Figure 3. 
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Discussion 
The main finding of the current investigation was that 6 weeks of run training 
improved cardiovascular capacity and running performance equally in groups that 
determined running intensity by HR and RPE.  To our knowledge only two studies have 
investigated performance outcome comparisons between training with target HR versus 
target RPE and neither examined endurance running.23,24  Although previous 
investigations have validated the RPE scale as a method to prescribe exercise intensity, 
these findings could not be translated to long term run training due to the limited number 
of production trials and the relatively short duration of the production trials.25-27  The 
present results extend these findings by showing that in a young and untrained 
population of men that are overweight, mean achieved exercise intensity and training 
effects are equivalent between HR- and RPE- prescribed run training.    
However, the distribution of achieved exercise intensities during the weeks of run 
training call into question the individualized use of RPE to prescribe exercise intensity. 
At the 45 and 60%VO2R intensity levels, the difference in the mean %HRR achieved 
between HRTG and RPETG was small at 5%HRR at both intensities, but the variance 
was widely different.  At the 60%VO2R intensity level the standard deviation of absolute 
HR was 13 beats·min-1 in HRTG while it was 21 beats·min-1 for RPETG, a 61% greater 
standard deviation.  This point is further reinforced by the large range (-60 to +60 
beats·min-1) of the number of beats away from the theoretically prescribed HR in 
RPETG.  This range is even greater than the -40 beats·min-1 range shown by Dunbar in 
a review of RPE use for exercise prescription.28    
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The difference in variance between groups is important to consider when 
evaluating the non-statistically different overall mean values of exercise intensity as 
measured by %HRR (HRTG = 66, RPETG = 62%HRR). In figure 2C at the lower 
intensities, HRTG displayed a dispersion of values reminiscent of a normal distribution, 
with a high concentration of values falling close to the mean and 0 line and then a 
progressive decrease in frequency moving in both directions.  On the other hand 
RPETG revealed a platykurtic distribution of intensity disparity.  There is no clear 
concentration around the mean within RPETG, and a more even distribution that trails 
off further in either direction.  Thus, using HR for exercise prescription at intensities 
≤60%VO2R in this instance was more accurate and precise than RPE. 
In contrast, there is evidence that the use of RPE to prescribe exercise at higher 
intensities may be advantageous.  There were no differences in relative intensity as 
measured by %HRR at the 90%VO2R intensity level, but the mean number of beats 
away from the target HR was smaller for RPETG than HRTG.  We attribute this 
outcome to a ceiling effect in HRTG, and the contribution of the first few minutes of 
lower HR on the session HRavg during the running bouts.  The biofeedback provided by 
the HRM in HRTG may have allowed the participants to self-regulate intensity as soon 
as they had reached their target HR.  Also, the 90%VO2R running bouts were relatively 
short in duration, between 7.5 and 15min.  This enhanced the contribution of the time 
period when HR was increasing from rest to a steady state on the mean run bout HR.  
RPETG on the other hand may have progressively increased intensity over the course 
of the running bout in order to finish with a session RPE comparable to their prescribed 
value.  Therefore it appears that, when near maximal intensity is desired, there may be 
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an advantage to prescribing and self-regulation of exercise with RPE.  These findings 
coincide with those of Celine et al. who found that RPE and HR were equivalent when 
prescribing high intensity, short duration cycling workouts.23   
Over 6 weeks, mean RPE values were similar during training.  However, when 
each run session was treated as an individual event, differences between groups were 
evident.  These differences in RPE were incongruent with observed HR intensity 
differences.  The inconsistencies can be partially explained by the psychological 
classification of augmenters and reducers introduced by Robertson et al. in reference 
specifically to the RPE scale.18  At the 45%VO2R intensity level (figure 3a), despite a 
lower average intensity, RPETG had a nearly identical RPE distribution compared to 
HRTG.  Therefore, it appears that some RPETG participants may have augmented their 
perception of intensity at this level.  At the two highest intensity levels (figure 3c and 3d), 
RPE distribution was skewed to the left for RPETG despite similar relative mean 
intensities.  In these cases, members of RPETG may have reduced their perception, 
regardless of physical intensity, in order to match the prescribed integer they were 
assigned prior to the run bout.  The investigation by Robertson 18 spoke to the 
occurrence of augmentation and reduction of perceived effort in regards to individual 
participant psychology.  We provide evidence that the augmenter and reducer 
psychological states do exist, however the state may also be dependent on the exercise 
intensity. Low intensity appears to be susceptible to RPE augmentation, and higher 
intensity being prone to RPE reduction.   
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Conclusions 
This investigation is the first to measure running performance outcomes and 
achieved training intensities using HR or RPE.  We provide evidence that shows, across 
6 weeks there is no difference in the mean achieved intensity or mean RPE between 
groups and correspondingly cardiorepiratory fitness and running performance are 
improved equally.   
However, when all running bouts were compared at each of the four intensities 
without weighting for run bout duration, the HRTG had a higher absolute HR and %HRR 
and a smaller deviation from the prescribed HR at the 45 and 60%VO2R intensity levels.  
RPETG had a statistically larger variance in HR, and %HRR than HRTG at the same 
intensity levels.  At the lowest intensity level RPE responses were similar between 
groups despite HRTG achieving a higher intensity.  At the two highest intensities, RPE 
was lower in RPETG despite a similar achieved intensity.  This suggests potential for 
augmentation and reduction of RPE responses depending on the desired exercise 
intensity.  
In total this evidence suggests that RPE and HR guided exercise intensity 
prescription are equivalent at the population level.  However, on the individual level, 
especially at lower intensities, the use of RPE to prescribe and self-regulate exercise 
intensity is disconcerting because of a lower achieved intensity, a higher variation in 
achieved intensity, and a tendency to augment RPE.  Recreational runners can use this 
technology to help safeguard against under or over exertion when lower intensities are 
desired.  For long term run training HR monitor use could limit reduced performance 
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gains (in the case of under production of exercise intensity) or overreaching (in the case 
of over production).  Further investigation should seek to evaluate similar relationships 
over a longer training period (i.e. 6 to 12 months) to elucidate even more ecologically 
valid results for exercise intensity prescription and performance outcomes. 
 
Practical Implications 
• HR and RPE guided run training result in similar performance gains after six 
weeks of run training. 
• Running intensity prescribed at levels ≤ 60%VO2R was more accurate and 
precise when HR was employed. 
• RPE prescription may be beneficial when near maximal exercise intensity is 
desired. 
• Individuals who received only RPE cues for running intensity tended to augment 
their RPE responses at the lowest intensity and reduce their RPE responses at 
the higher intensity levels. 
• Recreational runners may benefit from using a HR monitor to self-regulate 
exercise intensity when lower exercise intensities are desired. 
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Figure Captions 
Figure 1.  Example of heart rate and rating of perceived exertion determination from 
laboratory graded exercise test. 
 
 
Figure 2.  Six weeks of training intensity displayed as; A) Absolute HR, B) Relative 
percentage of HRR, and C) Number of bpm displaced from prescribed 
intensity. * signifies a significant difference in the means between HRTG 
and RPETG at a given prescribed intensity level.  signifies that Levene’s 
Test of the Equality of Variances was violated between HRTG and 
RPETG at a given prescribed intensity level 
 
Figure 3. Percentage of RPE ratings of HRTG and RPETG for all four prescribed 
training intensities. 
 
Figure 3b. RPE as a function of achieved percentage of heart rate reserve (%HRR) 
for heart rate training group (HRTG) and RPE training group (RPETG).  
Markers representing prescribed %HRR and RPE are means for the entire 
sample population, combined due to a lack of significant difference 
between prescribed %HRR or RPE at any of the intensity levels. 
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Chapter 4 - Metabolic Risk Outcomes 
 
The Response of Risk Factors Related to the Metabolic Syndrome to Run Training 
Prescribed and Monitored via Heart Rate versus Rating of Perceived Exertion 
 
Formatted for Submission to: Medicine & Science in Sports & Exercise 
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Adequate exercise is a powerful preventive and therapeutic stimulus for lifestyle related 
diseases similar to pharmacological therapies.  However, optimal dosage 
methodologies for exercise prescription remain unclear.  Objective:  Determine 
differences in achieved exercise intensity and metabolic disease related outcomes of 6 
weeks of run training prescribed either via heart rate (HR) or rating of perceived exertion 
(RPE).    Design: Laboratory and field controlled trial. Participants were divided into a 
heart rate training group (HRTG) and a RPE training group (RPETG) in a non-
randomized, counter-balanced method controlling for baseline cardiometabolic risk 
factors. Methods: Forty untrained and overweight males underwent maximal graded 
exercise testing (GXT), anthropomorphic measurements, a 12 min run test, and a 
fasting blood draw before and after 6 weeks of supervised run training.  Run training 
intensity was prescribed at 45, 60, 75, and 90%VO2 reserve (VO2R) as a target HR or 
RPE for each running bout.  Only HRTG were able to view their HR during the session 
to aid in regulation of training intensity. Results: Mean %HRR (66±7, 62±9 %HRR) and 
RPE were not statistically different between HRTG and RPETG.   However, the 
distribution of exercise intensity was more tightly concentrated in HRTG.  Similar 
improvements were noted for VO2max (4.0±2.4 mL·kg-1·min-1), resting HR (-5±7 bpm), 
body mass (-0.7±2.7 kg), BMI (-0.2±0.9 kg·m-2), and BF% (-0.9±2.3%, all p < 0.022).  
No changes were observed for 4 of the 5 components of metabolic syndrome diagnosis 
or for FPI.  HRTG displayed a greater decrease in waist circumference (-3 ± 3 cm) than 
RPETG (0 ± 4 cm, p = 0.015).  Conclusions: HR- and RPE-based run intensity 
prescription both improve anthropomorphic and cardiometabolic risk factors. No 
changes were observed in biochemical risk factors due to the short intervention 
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duration.  A slightly higher intensity may be responsible for larger reductions in WC in 
HRTG.  The more precise achieved %HRR observed in HRTG may be advantageous to 
exercise prescription across populations.  
 
Key Words: metabolic syndrome, running, exercise intensity, exercise prescription, 
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Introduction 
 
(Paragraph Number 1) 
Exercise is increasingly coming to light as a viable and successful treatment 
option for cardiovascular and metabolic related diseases (27).  In the same manner 
exercise can be used as a preventive measure to reduce risk prior to development of a 
metabolic, cardiovascular and even cancerous disease (5, 23).  One particular diseased 
state that is complex but also appears to be responsive to evidence based exercise 
prescription (12) is the metabolic syndrome, which is a clustering of risk factors 
surrounding heart disease, type II diabetes, and stroke (31).  The intensity of the 
prescribed exercise has shown to be an important predictor of overall risk (24) and 
prevention of acquiring risk factors associated with the metabolic syndrome (2, 25).  
However, many methods to prescribe exercise intensity exist which can result in varying 
degrees of achievement of desired intensity and thus, potential impact on the preventive 
influence of physical activity.  It is also unknown if the measurement of the current 
metabolic syndrome diagnosis values is useful or should be expanded for individuals 
that are at risk for development but not currently diagnosed as having the metabolic 
syndrome. 
 
(Paragraph Number 2) 
The American College of Sports Medicine (ACSM) has developed the FITT 
framework to quantify exercise volume by prescription of particular exercise frequency, 
intensity, time, and type (i.e., modality) (35).  The values attributed to each of these 
variables change depending on if the population is healthy, overweight, or diseased 
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(i.e., hypertension) (13, 16, 29)  Exercise frequency, time and type do not require any 
special equipment to prescribe or measure.  However, exercise intensity prescription 
can be problematic as it is commonly accomplished through expired air analysis which 
is typically not feasible outside of the laboratory setting (26).  Therefore, the ACSM 
recommends using a surrogate such as percentage of heart rate reserve (%HRR) or the 
subjective rating of perceived exertion (RPE) scale to prescribe and monitor exercise 
intensity.   
(Paragraph Number 3) 
Heart rate (HR) and specifically percentage of heart rate reserve (%HRR) has 
been validated as being linearly related to energy expenditure (34).  HR offers an 
objective measurement to the user which can be observed and measured during 
exercise with the use of a heart rate monitor (HRM) (9).  When HRMs are not available 
the RPE scale has been suggested to serve as a valid replacement to HR based 
prescription (6, 10, 14, 28).  However, the use of RPE may be limited due to the large 
inter-individual variability for a given intensity and the tendency of users to fall ~10% 
short of the prescribed exercise intensity (1, 17, 37).   
(Paragraph Number 4) 
HR and RPE based exercise prescription during exercise training have been 
evaluated in a cardiac rehabilitation environment (19).  This investigation showed 
improvement in maximal exercise HR, the rate pressure product of blood pressure, and 
maximal cycling workload when using HR to prescribe and monitor exercise but no 
change in participants that only used RPE.  However, this type of protocol has yet to be 
applied to a non-clinical population that is at risk for development of disease.   
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(Paragraph Number 5) 
Therefore, the purpose of the current investigation was to compare two groups of 
untrained males that were overweight, but free from the metabolic syndrome, in an 
effort to determine if exercise intensity prescription via HR or RPE was superior to the 
other for improvement of health and/or reduction of risk factors related to the metabolic 
syndrome.  Our hypothesis was that the group prescribed intensity with HRTG would 
achieve a higher exercise intensity, closer to the prescribed intensity in comparison to 
the group prescribed intensity with HR (HRTG).  Additionally, we hypothesized that the 
result of the lower exercise intensity in RPETG would result in smaller changes in 
running performance and, morphological cardiorespiratory, and cardiovascular risk 
factors, when compared to the HRTG.  The goal of the investigation was to determine 
the optimal technique to prescribe exercise intensity to improve health and prevent the 
acquisition of risk factors while individuals are still young and in the early stages of risk 
factor development.  
 
Methods 
(Paragraph Number 6) 
Subject Population 
Forty untrained and overweight college aged males who did not meet the 
minimum requirements for diagnosis of the metabolic syndrome were recruited for the 
current investigation, (22±4y).  All participants attended a briefing meeting to have the 
risks and benefits explained.  Prior to enrollment, in accordance with all human research 
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ethical guidelines, participants signed an informed consent that had been approved by 
the University of Connecticut Institutional Review Board, within the Office of Research 
Compliance.   
(Paragraph Number 7) 
Study Design 
Sample size was calculated based on expected changes in fasting plasma insulin 
(FPI) levels as that was judged to be the variable expected to be most sensitive to a 
brief exercise intervention. Based on a previous investigation by Shih et al., µ1 was set 
at 59 pmol/L and µ2 at 46 pmol/L, which corresponded to about half of the intervention 
effect observed in the cited investigation were compare (33).  Common standard 
deviation was calculated at 5.6 pmol/L with .05 and .80 set for α and power, 
respectively.  Based on a two-tailed test of significance a sample size of 6 was required.            
(Paragraph Number 8) 
This laboratory and field controlled trial took place in three stages; pre-testing, six 
weeks of supervised run training, and post-training testing.  Participants were divided 
into the HRTG the RPETG in a non-randomized counter-balanced method to control for 
the influence of starting 12min run test distance, VO2max, BMI, and fasting plasma insulin 
(FPI) concentrations. 
 
(Paragraph Number 9) 
Baseline and Post-training Testing 
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On the evening before the first laboratory visit participants consumed a 
standardized meal nine hours before their appointment time.  Upon awaking on the 
morning of testing, participants consumed 500ml of plain water to ensure adequate 
hydration and reported to the laboratory in a fasted state for blood draw and 
anthropometric measurements.  After arriving at the laboratory participants had height 
measured by stadiometer, waist circumference (WC) measured at the level of the 
umbilicus and parallel to the ground with a spring loaded cloth measuring tape, body 
mass was measured with a calibrated digital floor scale (Healthometer 349KLX, 
Sunbeam Corporation Limited, Botany Austrailia), and then body fat percentage (BF%) 
measured by dual x-ray absorptiometry (DEXA; Prodigy, Lunar Corporation, Madison 
WI).  Next, participants had blood pressure measured in accordance with methodology 
described by the Joint National Committee on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure (36).  Afterwards, blood was drawn from an 
antecubital vein for analysis of other cardiometabolic risk factors. Fasting plasma insulin 
(FPI) and fasting plasma glucose (FPG) was analyzed in plasma drawn into EDTA 
coated vacutainers. Plasma was centrifuged and stored at -62 °C.  FPI was measured 
by insulin ELISA (ALPCO Diagnositcs, Salem NH), and FPG was measured by glucose 
hexokinase reagent method (Pointe Scientific, Inc., Canton MI). Blood taken for high 
density lipoprotein (HDL), and serum triglycerides (TRIG) analysis was drawn into 
serum separator tubes and refrigerated.  HDL and TRIG analysis was completed on the 
same day, spectrophotometrically by a private laboratory (Quest Diagnostics, 
Wallingford, CT).    
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(Paragraph Number 10) 
Metabolic Syndrome score and z-score change  
The metabolic score is a calculation based on the five components of metabolic 
syndrome diagnosis: HDL, TRIG, FBG, WC, and MAP. These five measurements are 
aggregated into a single value based on the distance of each measurement from the 
ATP III cutoff for diagnosis of the metabolic syndrome divided by the standard deviation 
of that measurement within the sample population (EQ 1.) (4).    
 
EQ1- Metabolic Score = [(40-HDL)/10] + [(TG-150)/54] + [(FBG-100)/9] + [(WC-102)/7] 
+ [(MAP-100)/7] 
 
Following calculation of the metabolic score for baseline and post-training 
measurements a z-distribution of all values was calculated to view the relative effect of 
the intervention on change in metabolic score.  
 
(Paragraph Number 10) 
Maximal Exercise Testing 
On the second day of data collection, at least 24hrs after their fasting 
measurements were taken, participants reported to the laboratory for resting 
measurements and a treadmill maximal graded exercise test (GXT).  Participants were 
fitted with a heart rate monitor (HRM; Ironman® Race TrainerTM Digital Heart Rate 
System, Timex Group USA, Inc., Middlebury, CT) and a mouthpiece connected to a 
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metabolic cart (TrueOne 2400, Parvo Medics, Sandy UT).  They sat quietly for five 
minutes to have resting oxygen consumption and HR (HRrest) measured.  The GXT 
consisted of up to seven, two minute stages all taking place on a 1% incline.  Prior to 
the test all participants were familiarized with the RPE scale.  Standardized instructions 
were read describing the numerical values as well as the anchor phrases.  Tests began 
with a walking stage of  1.6m·s-1, then speed was increased in 0.2 – 1.0m·s-1 increments 
to complete the test within an eight to twelve minute time span.  Within the last 30 sec of 
each stage participants reported RPE.  The HR and VO2 of each stage was recorded as 
the average of the two highest 20 second segments displayed on the subject report.  
Tests were terminated when participants reached volitional fatigue or investigators 
judged it was in the best interest of the participant’s safety to end the test.  Following 
>10min rest, participants completed a confirmation trial beginning at the speed of the 
last fully completed stage from the GXT and increased 2.5% every minute until volitional 
fatigue.  The test at supramaximal exercise intensity was completed in a best effort to 
achieve a true VO2max for all participants due to the importance of this value to the 
exercise intensity prescription techniques.   
 
(Paragraph Number 11) 
Performance testing 
At least two days after the maximal exercise test all participants completed a 12 
min run test (11).  Participants took part in a standardized, dynamic warm-up protocol 
and were allowed to complete any additional stretches they desired.  Next, all 
participants moved to the start line of an outdoor 400m track.  An investigator standing 
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by the side of the track verbally started the running.  Participants were encouraged to 
run as much distance as possible during the 12 min.  A countdown clock was visible to 
all participants.  At the end of the 12 min total distance completed was recorded by 
investigators. 
 
(Paragraph Number 12) 
Exercise Intensity Prescription 
Run training intensity was prescribed based on individual HR or RPE to oxygen 
consumption reserve (VO2R) relationships.  The individual equations from the curves of 
best fit were recorded. Next, the HR and RPE integers equivalent to 45, 60, 75, and 
90%VO2R were calculated. Thus, for all participants a HR and RPE value was 
associated with the above relative intensity levels.  Doing so allowed both HRTG and 
RPETG participants to receive training cues that were theoretically identical only 
differing in their interpretation by the participant. 
 
(Paragraph Number 13) 
Run Training Sessions 
Group run training took place on an outdoor track over six consecutive weeks.  
The duration of weekly exercise progressed according to the American College of 
Sports Medicine’s Guidelines for Exercise Training and Prescription and the Appropriate 
Physical Activity Intervention Strategies for Weight Loss and Prevention of Weight 
Regain for Adults from 150 min during the initial week up to a maximum of 270 min 
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during the final week (13, 35).  Participants completed three running sessions in the first 
two weeks and four sessions during the last four weeks of training.  Sessions began 
with a standardized ten minute dynamic warm-up designed to reduce risk of injury and 
concluded with five minutes of walking to aid in restoring normal blood circulation.  This 
time was included in total exercise time reported above but intensity was not prescribed.  
Participants were allowed to miss up to four training sessions before being excluded 
from further training.   
 
(Paragraph Number 14) 
Prior to each running bout participants were individually assigned their prescribed 
intensity as either a HR or RPE target depending on their training group membership 
and were kept blinded to the non-prescribed value.  The relative VO2 values used for 
intensity prescription were not made available to the participants until after completion 
of training.  Participants self-regulated their intensity during the allotted time and were 
permitted to run or walk at their own discretion.  They were discouraged from running in 
groups and no external incentives were placed on running faster, slower, or adhering 
more closely to the prescribed value.  All participants wore a HRM similar to the one 
described above during the run sessions. The displays of the HRM in RPETG were 
covered so HR biofeedback was not visible.  The distance and RPE of each running 
bout was recorded within a minute of completion.  Immediately following the training 
session all HRM data was downloaded and stored with the use of analysis software 
(TrainingPeaks, Peakswear LLC, Boulder CO).   
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(Paragraph Number 15) 
Statistical Analyses 
All statistical analyses were computed with the use of IBM® SPSS® Statistics 
(V.20.0.0, IBM Corp., Armonk, New York).  Pre- versus post-testing measurements 
were compared using 2×2 (Group × Time) repeated measures analyses of variance 
(ANOVA).  When an interaction was observed follow-up independent sample T-Tests 
were used to determine differences between groups at the baseline or post-training data 
point.  Independent sample T-Tests were used to compare within training variables for 
HRavg, HRR, RPE, and distance completed.  Equality of variance was assumed unless 
Levene’s Test for Equality of Variances was violated.  Average HR for the entire six 
weeks of training was calculated for each participant by summing the products of 
average heart rate with the fractional duration contribution of each running bout.  RPE 
was averaged without weighting.  Run bout averages for HR were also compared using 
all bouts and by treating each running bout as an individual event without weighting for 
run bout duration.  Appropriate corrections were made for multiple comparisons.  A 
series of linear regression analyses were used to determine if average running intensity 
(%HRR) predicted the change in FPI in either group.   
 
Results 
(Paragraph Number 16) 
No differences were observed between either of the training groups for 
preliminary markers of fitness, cardiometabolic risk (Table 1) or for any of the exercise 
prescription integers for the 45, 60, 75, and 90%VO2R intensity levels (Figure 1).    
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(Paragraph Number 17) 
There were no significant differences over the six weeks of training for distance 
covered (118.6±2.1, 115.0±2.0 km; p = 0.577), HRavg (151±11, 145±14 bpm; p = 0.103) 
or %HRR (66±7, 62±9 %HRR; p = 0.166), mean RPE was similar (13±3) between 
HRTG and RPETG, respectively.  However when all running bouts were analyzed as 
individual cases without weighting for run bout duration over the entire six weeks, 
increasing the number of observations from 20/group to >774/group, significant 
differences were observed in mean %HRR (70±15, 67±18%, p = 0.007) and reported 
RPE (13±3, 12±3, p = 0.001) between HRTG and RPETG, respectively.  Additionally, 
the variation in %HRR for HRTG was lower than that of RPETG as confirmed by a 
significant (p < 0.001) Levene’s test of equality of variances.  The frequency 
distributions of each training group’s achieved %HRR over the six weeks of training are 
displayed in Figure 2.  
 
(Paragraph Number 18) 
A significant main effect of time was displayed for changes in 12 min run test 
distance (average change for both groups combined; 240 ± 146 m, p <0.001) and pace 
(-0.6 ± 0.4 min·km-1, p < 0.001).    Also, a significant main effect of time was observed 
for absolute VO2max (0.3±0.2 L·min-1, p < 0.001), relative VO2max (4.0±2.4 mL·kg-1·min-1; 
p < 0.001), and for HRrest (-5±7 bpm, p <0.001; Figure 3).   Body mass (-0.7±2.7 kg, p = 
0.020), BMI (-0.2±0.9 kg·m-2, p = 0.022), and BF% (-0.9±2.3%, p < 0.001) all decreased 
over the course of the intervention (Figure 4).  However, no main effects of group or 
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interaction effects (all p > 0.100) were observed between training groups for any of the 
above listed measurements.  
 
(Paragraph Number 19) 
There were no significant main effects of time, group, or interaction effects 
displayed for the change in metabolic z-score despite movement from an overall 
positive score (0.09±0.99) to a negative score (-.09±1.02) and an average decrease of -
0.17±0.95.  Similarly 4 of the 5 variables included in classification of the metabolic 
syndrome TRIG, HDL, FPG, MAP displayed no change due to the intervention (Figure 
5, A-D).  However, a significant main effect of time and a significant interaction (both p < 
0.15) was observed, with WC decreasing more in HRTG (-3 ± 3 cm) than in RPETG (0 ± 
4 cm; Figure 2, E). 
 
(Paragraph Number 20) 
There was no statistically significant change in FPI.  On average HRTG 
decreased -8±24 pmol/L and RPETG decreased -3.75 pmol/L.  Based on previously 
observed contribution of exercise intensity to FPI concentration within training 
interventions (15), %HRR was tested for each training group to determine if exercise 
intensity achieved over the six weeks of running predicted the change in insulin 
concentration.  Interestingly, %HRR was a significant predictor of FPI change for 
RPETG but not for HRTG (Table 2). 
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Discussion 
(Paragraph Number 21) 
The main finding of the current investigation was that six weeks of run training 
resulted in similar performance, morphological, cardiorespiratory and cardiovascular 
improvements independent of running intensity prescription technique.  The similar 
improvements occurred presumably due to a similar achieved intensity (i.e., %HRR) 
which corresponded with a similar perceived intensity (i.e., RPE) between HRTG and 
RPETG.   Thus, our data support that running intensity prescription by HR or RPE, in 
line with the ACSM guidelines result in improvements in fitness and risk factors for 
young overweight males in as little as six weeks.  This finding can aid in prescription of 
intensity outside of the laboratory setting. 
 
(Paragraph Number 22) 
Of particular interest was the reduction in HRrest after training.  Reductions in HRrest 
has previously been linked to a typical training effect with improvements in physical 
fitness (18, 22).  However, recently lower HRrest has been linked to improved arterial 
stiffness (30), lower incidence of the metabolic syndrome (32), and even reduced risk of 
all-cause mortality (20, 21).   Therefore, our findings promote the use of running to 
reduce this risk factor over a relatively short time period.  It is also possible that this 
measurement could be included with typical morphological and biochemical risk factors 
for the metabolic syndrome.  The ease and non-invasive nature of resting HR 
measurement make it an attractive and potentially useful diagnostic tool for medical 
professionals. 
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(Paragraph Number 23) 
However there was few changes observed in markers specifically related to the 
metabolic syndrome (i.e., HDL, FPG, TRIG, MAP, and WC).  .  This may be due to 
participants being overweight, but otherwise metabolically healthy at the start of the 
intervention. The lack of improvement in these measurements may also be partially due 
to the short duration of the intervention.  Other short term exercise intervention have 
also shown cardiorespiratory improvement and a lack of biochemical improvement (7, 
8).  However, despite no change in the z-score of the metabolic risk score or 4 of the 5 
components it must not be interpreted that six weeks of running had no benefit to 
metabolic syndrome risk.    
 
(Paragraph Number 24) 
The main effect and interaction observed in regards to the WC component of the 
metabolic syndrome score indicate that within a relatively short time one of the 
morphological risk factors for the metabolic syndrome can be impacted.  Interestingly, 
HRTG displayed a larger decrease than did RPETG.  It may be that HRTG lost a 
greater amount of lean body mass as a result of the intervention because mean %BF 
loss was identical between groups at -1.8%, while HRTG lost -1.6kg of total body mass 
compared to a -0.7kg average loss for RPETG.  These results are discordant with 
literature that ties increased fat loss to higher intensity exercise.  Despite no significant 
difference in overall mean intensity between groups, HRTG did appear to exercise more 
consistently at a higher intensity (Figure 2).  Evidence of this was provided by the 
reduced variability shown by HRTG.  Also, individual inspection of all running bouts 
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showed that there were only 8 occurrences of individuals exercising under 30%HRR in 
HRTG compared to 29 occurrences in RPETG.  Regardless, six weeks of run training 
was beneficial to changes in WC, especially so in the HRTG. 
 
(Paragraph Number 25) 
Outside of the components of the metabolic syndrome, FPI was measured due to 
its relation to insulin sensitivity and evidence that it responds quickly to short term 
exercise interventions (33).  This is important in terms of the progression of the 
metabolic syndrome.  For example the participants of this investigation were chosen 
based on BMI alone which is known to be a risk factor for the metabolic syndrome (3).  
Also, prior to presentation of impaired glucose tolerance individuals will first experience 
a rise in FPI.  The intervention did not reveal a main effect of the treatment on FPI, 
however, the range of FPI change was large with a mean decrease of -6 ± 23 pmol/L.  
FPI is another measurement that has shown a relationship with vigorous intensity 
exercise (15).  Thus, we further investigated this variable by performing individual 
regression analyses for both HRTG and RPETG to determine if average %HRR over 
the course of the intervention was a significant predictor.  Interestingly, %HRR was only 
a significant predictor of FPI change in RPETG with higher intensities being associated 
with larger decreases in FPI (Table 2).  This may be due to the more even spread of 
intensity in RPETG when compared to HRTG (Figure 2).  For example 13/20 (65%) of 
HRTG participants achieved an average intensity between 66-75%HRR whereas only 
6/20 (30%) of RPETG participants reached this same level.  Thus, over a longer 
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duration intervention the larger range and more even distribution of exercise intensities 
displayed by RPETG may be detrimental in terms of reductions to FPI. 
 
(Paragraph Number 26) 
Overall, the current investigation supports the ACSM guidelines to prescribe 
exercise intensity via HR or RPE for improvements in morphological, cardiorespiratory, 
cardiovascular, and metabolic risk factors.  We provide evidence that resting HR may 
be an easily included risk factor to measure during an exercise intervention that may 
respond quickly and provide motivation to those individuals beginning an exercise 
program.  Finally, although there were only small differences observed between HRTG 
and RPETG some evidence exists that prescription by HR is superior to RPE.  The 
average intensity over six weeks did display an overall higher %HRR in either group, 
however a tighter distribution with 65% of participants between 65 and 75%HRR was 
displayed in HRTG compared to only 30% in RPETG.  This corresponded with a 
significantly larger reductions in WC and no relationship between %HRR achieved and 
FPI reductions.  Hopefully, the results of the current investigation utilized to determine if 
HR or RPE based exercise intensity prescription differ over a longer duration or possibly 
within clinical populations.  
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Table & Figure Captions 
Table 1. Baseline demographic and metabolic syndrome risk factors.  No 
significant differences were observed between groups for any of the listed 
variables. 
 
Table 2. Linear regression analysis of change in fasting plasma insulin (FPI) as 
predicted by mean percentage of heart rate reserve achieved over the six 
weeks of training.  Separate regressions were performed for each training 
group.  Significance is displayed in bold. 
 
 
Figure 1.  Exercise prescriptive values based on preliminary graded exercise test; A) 
absolute heart rate, B) rating of perceived exertion, and C) percent heart 
rate reserve. No significant differences between groups. 
 
Figure 2. Frequency histogram of mean six week percentage of heart rate reserve 
(%HRR).  Positive values are displayed in both directions from the origin. 
 
Figure 3. Change values from baseline to post-training measurement for HRTG and 
RPETG for resting heart rate (HRrest).  Standard deviation shown as text 
next to axis. a – significant main effect of treatment. 
Figure 4. Pre- and post-training values for HRTG and RPETG for anthropomorphic 
risk factors; a – significant main effect of treatment. 
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Figure 5. Change values from baseline to post-training measurement for HRTG and 
RPETG all metabolic risk factors (A-E) and fasting plasma insulin (F); a – 
significant main effect of treatment, b – significant interaction effect). ± 
standard deviation for each group is shown at the x-axis. 
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Table 1. 
 
 
Baseline Measurement HRTG RPETG 
   
12 min run distance (m) 2247 ± 420 2294 ± 277 
12 min run pace (min·km-1) 5.5 ± 1.0 5.3 ± 0.7 
   
Mass (kg) 83.8 ± 10.5 86.7 ± 7.9 
BMI (kg·m-2) 27 ± 2 28 ± 2 
Body Fat (%) 28 ± 7 27 ± 6 
   
VO2max (mL·kg-1·min-1) 44.6 ± 5.7 43.9 ± 5.2 
   
MAP (mmHg) 77 ± 7 79 ± 5 
HDL (mg·dL-1) 50 ± 13 48 ± 10 
TRIG (mg·dL-1) 89 ± 41 119 ± 72 
FPG (mg·dL-1) 102 ± 11 108 ± 10 
WC (cm) 94 ± 7 95 ± 7 
Z-MetScore -0.3 ± 1.1 0.3 ± 0.8 
   
FPI (pmol·L) 54 ± 18 56 ± 15 
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Figure 2. 
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Figure 5.  
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Table 2. 
 
 
Training 
Group R
2
 F Sig β1 
HRTG .011 .197 0.663 .107 
RPETG .206 4.674 0.044 -.454 
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Chapter 5 - Final Discussion 
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The main finding of the current investigation was that 6 weeks of running with 
intensity prescribed and self-regulated by HR or RPE prescription techniques resulted in 
similar achieved intensity during training, and similar performance and health related 
outcomes.  Small differences between groups were noted between achieved running 
intensity at lower prescribed intensity levels (i.e., 45 and 60%VO2R), with HRTG 
displaying a higher mean and a closer distribution around the prescribed intensity 
(Chapter 3, Figure 2, b & c).  It is possible that these small differences resulted in the 
larger reduction in waist circumference (WC) observed in the HRTG compared to that of 
the RPETG.  Regardless of intensity prescription and self-regulation technique, 6 weeks 
of run training was beneficial for anthropomorphic, cardiorespiratory and 
cardiometabolic risk factors in young men who are overweight.  However, there is also 
evidence that prescription and self-regulation of running intensity by HR may be more 
accurate and precise which could manifest in differences at the individual level within 
different populations and/or over a longer intervention duration.   
 
Exercise prescription 
First, it is important to note that the prescription protocol resulted in similar mean 
HR, %HRR, and RPE values for both groups (Chapter 4, Figure 1).  Therefore, we can 
be confident that the cuing integers, whether presented by HR or by RPE were based 
on similar relative exercise intensities at all four levels between groups.  Thus, any 
differences observed between groups can either be attributed to incongruous integration 
of the cue (i.e., misunderstanding) related to reducer/augmenter mentality or purposeful 
discordant self-regulation (i.e., intentionally exercising above or below the prescribed 
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intensity) (1).   Inappropriate exercise intensity is unwanted by those disseminating 
information on prescription because in some cases failure to reach the target intensity 
can attenuate the benefit of the exercise, while at the same time surpassing the target 
intensity by a large margin can introduce risk to some clinical populations such as in 
stroke rehabilitation (2, 3).  The goal of this investigation was to find the running 
intensity prescription technique that most favorably limited these sources of errors.  This 
is central to exercise prescription because achievement of adequate intensity during 
exercise is related to benefits (4).      
 
Achieved running intensity 
The presented results describe a similar mean relative intensity between HRTG 
(66 ± 7 %HRR) and RPETG (62 ± 9 %HRR) despite a mean difference of 4%HRR.  
Given this small difference it is not surprising that very few outcome differences were 
observed between groups.  However, when the four intensity levels were divided and 
each running bout was analyzed individually some of the source of the mean difference 
was more fully described.  %HRR was significantly higher at the lower two intensity 
prescription levels (i.e., the HR or RPE corresponding to 45 or 60% VO2R) in HRTG (53 
and 67%HRR) versus RPETG (49 and 64%HRR).  Once again the mean differences 
between groups are still small.  The change to a significant difference between groups 
is attributable in this instance to a move from comparing overall means for 20 
participants in each group to comparing >150 individual bouts at each intensity level.  
Despite the small difference it is still important because it eludes to the lower precision 
within RPE based exercise prescription. 
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There is potentially more risk for discordant exercise intensity based on the 
observed violation of the Levene’s tests for equality of variance in the first two intensity 
levels for absolute HR, and %HRR (Chapter 3, Figure 2).  The larger variation extend 
into the 75%VO2R prescription level when considering the variations in the number of 
beats from the prescribed value.  This variance is exemplified by the number of 
occurrences when %HRR fell <30%HRR.  In HRTG extreme underproduction of running 
intensity occurred only 8 times, however it occurred more than 3x more frequently (i.e., 
29 occurrences) in RPETG.   As described above the means between groups were 
similar which is explained by a concomitant tendency of RPETG to overproduce 
exercise intensity as well (5).  As displayed in Chapter 4, Figure 2, HRTG had a much 
tighter distribution in comparison to RPETG.  Thus, we can conclude that, despite 
similar mean values at the group level, running intensity prescribed by HR reduces the 
potential to either over- or under-produce exercise intensity in comparison to RPE 
based prescription. 
 
Performance outcomes 
Similar to the few previous investigations comparing the performance outcomes 
of RPE versus HR based prescription, no significant differences between groups were 
observed for factors related to running performance (6, 7). Both groups displayed an 
obvious training effect with increases in cardiorespiratory capacity (i.e., absolute and 
relative VO2max) as well as improvements in 12 min run test distance (8).  It was 
hypothesized based on previous exercise intensity studies that RPETG would under-
produce exercise intensity at all prescription levels and thus would be at risk for a 
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reduced training effect (9, 10).  However, this was not the case, as at the two highest 
intensity levels mean relative intensity was surprisingly similar between groups which 
relates well to other previous findings (11).  Exercise capacity and the associated 
performance have shown to be effected more robustly by higher intensity training (12).  
Therefore, it is not surprising that these variables improved similarly between groups.   
The one performance variable that may be of interest to clinical exercise 
physiologists, particularly in the field of weight loss/maintenance would be distance 
covered.    Although the differences between groups were not statistically different 
(HRTG, 118.6±2.1; RPETG, 115.0±2.0 km) the 3.6 km mean difference between groups 
would be more noteworthy given a longer intervention.  Theoretically and assuming the 
same levels of adherence to the prescription inputs, had the same running protocol 
been repeated over the course of a year, HRTG would have completed 1028 km of 
running while RPETG would have completed 997.  Although the 31km difference is 
small.  In terms of caloric expenditure, 688 kcal is required for one hour of running for a 
86kg individual (mean starting weight of this investigation’s participants), at a 8 km·hr-1 
(12 min·mile-1) pace (13).  Thus 31 additional km·yr-1 is equivalent to 2666 extra kcal·yr-
1
.  This difference is relatively small (i.e., 75% of the calories necessary to utilize 1lb of 
fat), however, for practitioners looking to maximize caloric expenditure this may be an 
important factor to consider when choosing an exercise prescription technique. 
 
Anthropomorphic outcomes 
Changes in anthropomorphic risk factors were similar between groups except for 
waist circumference.  This finding that HRTG had a larger reduction in WC compared to 
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RPETG is curious because it was not affiliated with larger changes any of the other 
anthropomorphic factors; mass, BMI, or BF%.  Previous research has shown that higher 
intensity is related to increased fat loss (14-16).  Also, as little as a 15 beat·min-1 
difference in training intensity can result in differential changes in WC (4).  The present 
data tend to suggest that the slightly higher average intensity experienced by HRTG 
resulted in more lean body mass loss because of a greater, although non-significantly 
so, body mass loss in HRTG of .9 kg, and an identical fat loss of -0.9 ± 2.3% in both 
groups.  However, this finding conflicts with the previous research linking higher 
intensity exercise with more fat loss.  Thus a full mechanistic explanation of this finding 
needs further investigation. 
 
Biochemical outcomes 
There was little to no change in biochemical risk factors associated with the 
metabolic syndrome.  It is possible that the relative good metabolic health of our 
population as a whole ablated the expected changes in lipid, glucose metabolism, and 
cardiovascular, risk factors, as observed in previous research (17).  Individuals with the 
metabolic syndrome or with lipid or glucose profiles contra-indicative to intense exercise 
were excluded from this investigation which may have made vast improvements in 
cardiometabolic profile difficult to accomplish regardless of intensity.  Future 
investigations should look to expand this model to individuals with the metabolic 
syndrome in order to elucidate any potential differential effects of either exercise 
prescription technique.  
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 Fasting plasma insulin (FPI) was an additional variable chosen for analysis 
based on its relation to glucose metabolism (i.e., T2DM risk) and sensitivity to exercise 
(18-20).  In healthy older individuals the training response has been shown to include 
glucose maintenance with lower resting levels of insulin (21).  The present results did 
not show a significant reduction in FPI which could have been affected, once again, by 
the relative good metabolic health of the sample population and the short duration of the 
intervention.  However, the linear regression analyses of RPETG did reveal that 
approximately 21% of the variance in the change in FPI was accounted for by the 
average training intensity (i.e., %HRR; Chapter 4, Table 2), with a negative relationship 
between the variables meaning that a higher intensity was related to more negative 
changes in FPI.  No significant relationship between intensity and FPI change was 
observed in HRTG.  Increased exercise intensity has been linked to larger changes in 
FPI due to the larger contribution of glucose to energy metabolism during high intensity 
exercise (22-24).  Viewing Chapter 4, Figure 2, it becomes clear that the relative narrow 
distribution of exercise intensity in HRTG could restrict detection of an association 
between exercise intensity and change in FPI, while the larger more even distribution of 
exercise intensity completed by RPETG would make such an association more likely.  
This finding presents evidence that utilization of RPE based exercise prescription 
technique yields a less consistent outcome intensity which can have an impact on the 
benefits of exercise.      
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Intervention and general risk reduction 
However, it is important to take away that six weeks of running adhering to 
ACSM guidelines for frequency, intensity, time, and type is confirmed to be a powerful 
stimulus for risk factor reduction despite no significant changes in the normal 
biochemical and cardiovascular components of the metabolic syndrome (i.e., FPG, 
TRIG, HDL, and MAP).  The noted improvements in BMI, BF%, WC, VO2max, and HRrest 
are all part of the normal training effect and were thus expected as part of this 
investigation.  Additionally, each of these factors is individually related to risk of 
premature death.   
BMI is the most easily collected risk factor which has been utilized as a predictor 
in many epidemiological studies.  Most notably, BMI >25, independent of the common 
co-morbidities, has recently been linked to risk of ischemic heart attack (25).  
Contention exists over the use of BMI because it overlooks those that have an elevated 
BMI due to lean body mass (i.e., athletes) (26).  Further, BF% has been identified as a 
separate predictor of risk of cardiometabolic dysregulation and T2DM (27, 28).  WC is 
included in the components of metabolic syndrome diagnosis due to its relationship to 
T2DM, hypertension, risk of stroke, and all-cause mortality (29-33).  The vast 
connections of this one easily measurable risk factor highlight the impact of only six 
weeks of standardized running.  Lastly, the concurrent increase in VO2max and decrease 
in HRrest are most commonly associated with increases in fitness. But in addition these 
factors are generally related to cardiovascular stress and both increased VO2max and 
reduced HRrest are related to a reduced risk of cardiovascular and all-cause mortality 
(34).     
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Within a population of young men who are only at increased risk of premature 
death based on BMI the above measurements may be an early way to limit onset of 
related biochemical risk factors.  All of these measurements, with the exception of BF% 
and VO2max can be easily measured by the general population to monitor one’s own risk.  
Additionally, the robust changes observed during the current investigation add credibility 
to their monitoring during any training intervention.  It is not suggested that biochemical 
risk factors be ignored in young men who have only been identified as having an 
elevated BMI in exchange for the above listed variables.  On the contrary, it is 
suggested that these easily measured variables be used earlier in childhood to identify 
individuals at increased risk prior to development of biochemical risk factors or 
increased blood pressure.  Also, the use of running interventions can be used to 
positively impact these risk factors.   
Conclusions 
Overall, 6 weeks of run training has been shown to improve running performance 
and risk factors associated with, body composition, WC, cardiorespiratory, and 
cardiovascular measurements.  These benefits are similar if intensity is prescribed and 
self-regulated via HR or RPE.  Thus, there is sufficient evidence to support the ACSM’s 
inclusion of RPE as a valid method to prescribe exercise in order to benefit health.  It is 
true here, more than ever that “exercise is [preventive] medicine”.  These findings give 
strong support for beginning cardiovascular training programs within at risk populations 
who may be identified based on BMI alone.  Increased prescription and adherence to 
the ACSM guidelines will aid in the prevention of personal attainment of additional risk 
factors on top of BMI (i.e., hypertension, and impaired glucose tolerance). 
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However, some of the presented evidence suggests that prescription by HR is 
more precise and more accurate than prescription by RPE, especially in regards to 
prescription at lower intensities.  Additionally, there is evidence that a consequence of 
RPE based prescription is a wider range of achieved intensity which can influence some 
of the positive benefits of exercise (i.e., reductions in FPI).  Within our generally healthy 
and young population, over a relatively short intervention, the observed differences in 
exercise intensity did not manifest in large outcome differences between the separate 
training groups.  However, this model should be expanded both to different healthy, and 
clinical populations as well as extended over a longer time period.  Regardless, 
following this investigation the evidence shows lesser risk of erroneous exercise 
intensity and similar benefits when exercise is prescribed and self-regulated by HR in 
comparison to RPE.  In the short term there do not appear to be substantial negatives to 
prescription and self-regulation by RPE outside of imprecise achieved exercise 
intensity. Thus, exercise professionals must evaluate each individual to determine if 
under/over production is likely, and if attenuation of risk factors or injury risk is 
introduced by either under or over exertion, respectively. The current ACSM guidelines 
suggesting prescription and self-regulation through HR or RPE do appear to be 
adequate for improvement and maintenance of health at the population level.  However, 
when accurate achievement of target intensity is paramount, prescription by HR is 
superior to RPE. 
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